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Where You Train Is
As Important As Your
Decision To Train
4 77 B Electronics is a growing and
/} & expanding industry. That’s
’ why so many ambitious men
are deciding to train for ca-
reers in this exciting field.
They recognize the opportu-
® nities to advance and pros-
¥ per. But, where a man trains
and how the school of his
choice teaches Electronics

- how it encourages him to reach his goals and realize his
nbitions . . . is most important to his success.

I LS p—

iis 1s a fast changing world. A school offering Electronics
urses must keep pace. That’s why NRI—with nearly 50 years

specialized experience—now offers eight choices of training
‘thin the one field of Electronics. Select the course of most
=terest to you and receive the kind of home-study training that
‘epares you for a specialized career. NRI’s large staff of
ecialists is always on the job keeping course material up-to-
tte . . . helping you earn your way while training . . . assisting
u with joh placement when ready. In short, whatever hranch

Electronics you select, NRI is qualified through .

s -
B \iso .

iowledge and experience to help you grow. i

2ECIAL TRAINING EQUIPMENT INCLUDED

RI ““learn by practice” g
ethod is the time-proved
ay to learn easier, faster, |
tter. Most NRI courses in-
-ude—at no extra cost—spe-
al training equipment to give
wp and laboratory experi-
ace in your own home. All
uipment is yours to keep.
Projects you build, experi-
ents you perform, make
RI lessons come tc life. Complex subjects become interest-
g. easy to grasp. Your first projects are measuring voltage
i current in circuits you build yourself. You use a Vacuum
abe Voltmeter which you construct. Later on, you progress
to more involved experiments. If you like working with your
1nds, you’ll enjoy learning Electronics with NRI.

HE PROVEN WAY TO BETTER PAY

est of all, NRI provides training right in your own home and
- your spare time. No time wasted getting to school. You fit
udy hours to your own schedule. You go as fast or as slow
s you like. Check the training of most interest to you; cut out
1d mail the postage-free card now. Read about Electronics
»portunities, NRI courses, the NRI trial plan, convenient

®unciv o
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America’s Oldest and Largest Radio-TV
Electronics Home-Study School

Pick the ELECTRONICS

CAREER You Want

INDUSTRIAL ELECTRONICS

Learn Principles, Practices, Maintenance of Electronic
equipment used today in business, industry, defens~.
Covers Electronic controls and measurement, compu-
ters, servos, telemetry, multiplexing, many other sub-
jects.

RADIO-TELEVISION SERVICING

Learn to service and maintain AM-FM Radios, TV sets,
Stereo Hi-f, PA systems, etc. A profitable, interesting
field for part-time or full-time business of your own.

COMPLETE COMMUNICATIONS

A comprehensive training course for men seeking ca-
reers operating and maintaining transmitting equip-
ment in Radio-TV Broadcasting or mobile, marine,
aviation communications. Prepares you for FCC Li-
cense.

FCC LICENSE

Prepares you quickly for First Class License exams.
Every communications station must have one or more
FCC-licensed operators. Also valuable for Service Tech-
nicians. You train at home.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mobile
equipment and associated base stations like those used
by fire and police, taxi companies, etc. Prepares you for
First Class FCC License exams.

MARINE COMMUNICATIONS

Shipboard transmitting equipment, direction finders,
depth indicators, radar are all covered in this course.
You prepare for your First Class Radiotelephone Li.
cense with Radar Endorsement.

AVIATION COMMUNICATIONS

For men who want careers working with and around
planes. Covers direction finders, ranges, markers, loran,
shoran, radar, landing systems, transmitters. Prepares
you for FCC License exams.

MATH FOR ELECTRONICS

From basic arithmetic review to graphs and electronic
formulas in one complete “short course” package of
five carefully prepared texts. Quick, complete and low
in cost.

{ MAIL POSTAGE-FREE CARD NOW
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WANT A SHARPER TV MICTURE?

in this caddy/pak

on every service call

NEW BLONDER-TONGUE CADDY/PAK BOOSTS BOOSTER SALES

TV Technicians — here’s a bright new profit idea from
Blonder-Tongue. Called the CADDY/PAK, it holds two
indoor TV/FM boosters—one a transistor model, the
other tubed — and fits easily in your tube caddy. The
boosters are: the new all-transistor, model IT-4 Quadra-
booster; and the industry’s most reliable tubed model,
the B-24c.

This combination makes it easy for you to give your cus-
tomer the right booster for any reception situation.
Remember, transistor boosters provide higher gain and
are more rugged, but they have one problem — overload
(windshield wiper effect, loss or sync). If you use a tran-
sistor booster in an area with one or more strong TV or
FM signals — you may be buying too much booster. On
the other hand, tubed boosters perform very well in
these areas.

With the Blonder-Tongue CADDY/PAK you can demon-
strate both tubed and transistor models in a jiffy, by con-

necting them to the terminals of the set. Either way your
customer gets the finest indoor booster — a Blonder-
Tongue.
The CADDY/PAK fits in your tube caddy. It’s imprinted
with the profit-producing words — “WANT A SHARPER
TV PICTURE? ASK ME.” You can place it on the set you are
servicing and let it sell for you. And it reminds you
and all your technicians to mention boosters on every
service call.
You just can’t help selling more — having more satisfied
customers too — because they have the right booster.
Today, see your Blonder-Tongue distributor and get de-
tails on how you can get a free CADDY/PAK booster
demo kit—the sure-fire approach to boosting booster sales.
sagunesred and manviactured by

N ! .
BLONDER ‘TONGUE
9 Aliing St.. Nowerk. 2 N. J.
Canadian Div.: Benco Television Assoc., Ltd., Tor., Ont.
Export: Rocke Ini’l. Corp., N. Y. 16 - Cables ARLAB

Rl B

Home TV Accessorles » UHF Converters ¢ Master TV Systems ¢ CATV Systems « CCTV Systems
CIRCLE NO. 104 ON READER SERVICE PAGEL
ELECTRONICS WORLO is published monthly by ZIF-Davis Publishing Companv at 434 South \Wahash Avenue-,

Chicago 3, liinofs. Subscription rates: one year tinited States and
PossCasions 85.00: Canada and I"an American Unton countries $35.%0; all other forelgn countries $6.00, Second (lass postage pald at Chicago. lllll"lol»' and at additional mailing
offices. Authiorized as second elass mail by the Past Office bepartment. ottawa. Canada and for payment of postage in caxh. February 1863: Vol. 69, No. 2.
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www.americanradiohistorv.com


www.americanradiohistory.com

SPECIAL REPORT ON A HISTORIC EXPERIMENT WITH
THE EARTH STATION AT ANDOVER, MAINE

Scoftt tuner used for Telstar tesis...

Bell System engineers wanted to test FM reception from the
Telstar Satellite orbiting in outer space. They used the sensitive
Scott 310-D broadcast monitor tuner (rack mounted) for this
unique experiment. FM signals were sent to Telstar where they
were rebroadcast to the earth station for Communicating by
Satellite at Andover, Maine. The Scott FM tuner was success-
fully used on this project.

Scott congratulates the Bell System on their spectacular
achievement and is proud to be part of this historic project.

The Scott 310-D was a logical choice. Like all Scott tuners it
offers exceptional sensitivity and selectivity. Scott pioneered
Wide-Band FM circuitry. Scott engineers perfected “Time
Switching'' multiplex circuitry for high fidelity reception. Only
Scott silver-plates FM front-ends for highest sensitivity. Scott
invented the first foolproof FM Stereo signaling device —
the Sonic Monitor”.

if you want the very best FM
Stereo reception choose the
tuners selected by profes-
sionals . . . choose the tuner
most FM stations use for moni-
toring their own broadcasts
off the air . . . choose Scott,
America's most reliable name
in FM Stereo.

3508 FM Stereo Tuner *Patent Pendini

These superb Scott FM Stereo Tuners are proud products of
the same engireering laboratories that developed the 310-D
used in Telstar.

f you seek oerfection choose one of these superb Scott tuners:
4310 Broadcast Monitor FM Stereo Tuner, $475 350B FM Stereo
Tuner, $219.95%; 333 AM/FM Stereo Tuner, $259.95*; 370 FM
Stereo Tuner, $169.95%; LT-110 FM Sterec Tuner Kit, $159.95%;
340 FM Stereo Tuner [70 Watt Stereo Amplifier, $379.95%; 355 /208
AM /FM Stereo /8BC Watt Stereo Tuner Amplifier, $469.90%.

Here's how the “Teistar” experiment worked

L FM signals were relayed from Bell Telephone System Telstar
satellite orbiting the earth at 16,000 M.P.H. at heights varying
from 500 to 3,000 nautical miles. 2. Signals were beamed to the
“*Earth Station for Communicating by Satellite’ at Andover,
Maine, where 2. a giant horr antenna 180-feet long and 95-feet
Figh received the sigrals. 4. Installation of Scott 310-D Broad-
cast Monitor Tuner (Rack Mountec) at Andover, Maine.

i SCOTT

Write today for new 1963 Hi-
fi Guide including comglete
details on Scott FM Stereo
tuners and kits and complete

“Telstar” report. Export: Morhan Exporting Corp., 458 Broadway, N.Y.C.

Canada: Atlas Radio Corp., 50 Wingoid Ave., Toronto

*Slightly higher west ot Rochies, subject te change with this notlce.

WwWWwW americanradiohistorv com

H. H. SCOTT Inc., 111 Po'wdermill Rd., Maynard, Mass. Dept. 160-2
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NEW CO

amazing color-coded system pinpoints

¢ individual COLORGRAM CHARTS highlight specific TV rzceiver functions e RAPID REPAIR MANUAL

Complete
Colorgrams
Service-Pak
only B+ COLORGRAM GENERAL ELECTRNC{ v e
$ B+ DISTRIBUTION FOR HORIZONTAL COLORGRAM
MULTIVIBRATOR & OUTPUT N COLOR

4
Designed As A
By Leading | \ { p

Yo xcao
Authorities Iy CZOSA' N R266
Paul B. Zbar, @

head of elec- 2
tronic dept.
Voorhees
Technical -
Institute, and
Robert Cornell,
former techni- 3
cal editor of
Electronic
Technician —_—
Magazine.

sTrademark registration pending

. e TS ‘--s'e'?-."
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LORGRAMS

hard-to-find components, conductors

2 Al

RI7

2918
251A

E

3By

o COLOR-KEYED MASTER SCHEMATIC

CHassIs: LW

R B8+ BOOST

B+

GROUND
CONDUCTOR

Printeo USA

COLORGRAM Charts (see sample on left hand
page) are the key to a remarkable new
method designed to help you isolate TV re-
ceiver difficulties in less time and with less
effort than has ever before been possible. The
COLORGRAM system simplifies the use of any
repair procedure you normally use.

EACH COLORGRAM CHART SHOWS
SEPARATE CIRCUIT SECTIONS

Each COLORGRAM Chart is clearly color-coded
to show signal-flow and continuity as dis-
tinctly as the color-marked route on a road
map. Each COLORGRAM Chart shows test
points and voltages. The entire ground con-
ductor is shown in its own distinctive color
throughout all the COLORGRAM Charts. Every
component in the circuit is clearly identified,
and its relationship to other components
made readily recognizable.

There is a COLORGRAM Chart (like the sample
shown) for each of these TV receiver func-
tions: IF, Video, Audio, Vertical and Hori-
zontal, (showing sync and sweep circuits),
B+ distribution and AGC circuitry.

COLORGRAMS ISOLATE TROUBLE AREAS

Each COLORGRAM Chart enables you to color-
shoot with little or no reference to schematic
or manual. If you have a video problem, refer
to the Video COLORGRAM Chart—audio prob-
lem, the Audio COLORGRAM. The circuit is
conveniently color-coded, localized and iso-
lated. Even when a signal leaves the board
and then returns, components and signal
path are clearly indicated. You can concen-
trate on that small portion of the set most
likely to be the cause of trouble, There's no
time wasted working back and forth between
schematic and set looking for test points —
wading thru superfluous information—iden-
tifying components incorrectly.

e all based on original TV manufacturers’ data

SPEED PRINTED CIRCUIT SERVICING

Where receivers use printed circuits, each
COLORGRAM Chart represents the actual sig-
nal conductor pattern of the specific PC
board, exactly as you see it in the set. Color-
coding helps you easily concentrate on the
signal flow of interest. And each component
is clearly located and identified.

COLOR-KEYED MASTER SCHEMATIC
IDENTIFIES COLORGRAM CHART AREAS

Easy-to-read schematic, provides an overall
view of the receiver circuit. Shows the Tuner,
IF, Video, Audio, Vertical and Horizontal
sections, color-keyed to the colors used in
individual COLORGRAM Charts. Also includes
test points, waveforms, voltage, resistance,
capacitance, practical alignment data, etc.

DR - C XS '[-;:‘..

RAPID-REPAIR MANEAL CONTAINS
PRACTICAL SERVICE DATA

This effective guide to the use of the COLOR-
GRAM System contains original manufac-
turer’s service notes, special instructions,
circuit modifications, parts list and parts
numbers. Includes Pictorial Tube and Com-
ponent Location Charts, Tube Failure Guide.

COLORGRAMS can help you with your TV repair problems—ACT TODAY!

S A

Ea o s SS0)

469 JERICHO TURNPIKE
MINEOLA, NEW YORK

Please send me:

get the NAME
colorgram IS
story NS

COLORGRAMS'INC.

Division of TVDevelopment Corp. L.

( ) Free cross-referenced COLORGRAM catalog.
( ) Name of nearest Colorgram distributors

(please print)

_ ZONE. STATE

use thls coupon Please fill in this information. My occupation is:

( ) TV technician ( ) Engineer () Hobbyist ( ) Other

.cmcué. 0. 108 ON READER SERVICE PAGE (please specify)
www americanradiohistorv com
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Captivating . . . thrilling . . . fnspiring.
The pure sound of Grommes. Hi-fidelity
sterec that delights the senses. Superb
cuztom companents—modestly priced.

-

O EmmmmEE O

Model 101M FM multiplex stereo tuner. ..$139.95

Mcdel 36PG 40 watl siereo amplifier
{plctured befow)

Wiite GROMMES

Division of Precision Electronics, Inc.,

9101 King St., Franklin Park, 1ll.

$129.95

g/zemmo/.l_
sets the

scene...

COMING
NEXT MONTH

Electronies World

Special

Features

R

8-
‘f"}-g* -

Bionic Computers—Machines that Imitate the Brain—Will future computers be
able to learn, reason, and think for themselves? By studying the human brain and
nervous system and by imitating their operation, we are building electronic
devices that come close to approximating “human” performance.

Sound-Operated Fiber-Optic “Brain Cell”—Details on a practical application of
“bionics” as represented by Sperry Gyroscope Company’s “SCEPTRON,"” a spec-
tral comparative pattern recognizer which identifies signals by their spectrum or
frequency content. The unit can be exposed to any signal in the audio frequency
range and will memorize it—it will then recognize that signal when it is repeated.

ANTENNAS FOR BUSINESS RADIO

Most users, and even some engineers, do
not fully appreciate how much the an-
tenna contributes to the over-all per-
formance of a two-way radio system.
Howard H. Rice of Motorola Inc. has
prepared a basic “handbook” of antenna
types, outlining the advantages and dis-
advantages of each and discussing instal-
lation and maintenance procedures for
maximum radiation.

TURNTABLE TESTING AT HOME
| Edgar Villchur, president of Acoustic
Lesearch, Inc., details the most impor-
tant characteristics which can be
checked by the audiophile at home to de-
| termine the performance of his own
turntable. The tests are relatively simple
and the techniques involved produce re-
sults that are just as valid as many lab
measurements. Among the characteris-
tics that can be checked in this way are
speed drift, warp wow, arm inertia and
pivot friction, tracking error, and the use

of test records for determining flutter
and rumble.

SOLID-STATE 3-CHANNEL

COLOR ORGAN

A compact, well-designed display device
that produces changes in color intensity
and hue in step with musical signals.
This transistorized unit can be con-
nected to the output of any hi-fi ampli-
fier and is capable of handling up to 1
kw. of light power.

COLOR-PATTERN GENERATORS

Curious about how an NTSC-bhar or
rainbow pattern are produced? Walter J.
Cerveny, chief engineer for The Hickok
Electrical Instrument Co., provides the
answers on operation, applications. and
points to consider before making the
purchase of such an instrument.

All these and many more interesting
and informative articles will be yvours in
the March issue of ELECTRONICS
WORLD ...on sale February 19th.

e e e e S R— 1T CESET T Sm—Ty
ZIFF-DAVIS PUBLISHING COMPANY

William B. Ziff
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in your concerto?

...then “bargain’ recording tape’s no bargain!

No doubt about it! Something’s wrong with record- maximum frequency response. Exclusive Silicone lubrication,
ing tape that carries a bargain-basement price. an unknown impregnated throughout the oxide coating, ensures smooth
name. They're sure signs the tape would flunk some or many tape travel. This completely dry Rubricant protects recorder
of the more than 100 quality tests that “ScercH’™ BraND Re- against head wear and actually extends tape life. For vour
cording Tapes are required to pass to assure tlawless sound. recording and listening pleasure. step up to the tape profes-

Coating and backing thicknesses of “*ScorcH™ Recording sionals prefer: “ScoTciH™™ BRAND.

Tapes. for example, are held to microscopic toler-
ances—cspecially important in today’s 4-track
stereo. This uniformity not only guards against
crack-ups in sound. it assures wide dynamic
range, identical full fidelity recording properties
throughout every reel, reel after reel.

High potency oxides used in “*ScorchH’ Tapes
permit thinner. more Nexible coatings that make
intimate hecad-to-tape contact a certainty for

On SCOTCH* BRAND Recording Tape,

Smalim I ou fear it crystal elear

magyt -
a8 s B ’ " RaDEMARrS OF

ot

February, 1963 CIRCLE NO. 131 ON READER SERVICE PAGE
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the new 1963 Master
helps engineers,
servicemen, buyers,
hobbyaists

"!’ Saves “shopping” and buying time—
truly an electronics supermarket, describes
and illustrates 185.000 products made by
more than 300 manufacturers. You can pur-
chase direct from its pages.

._“ Aids in selecting the best product —
comparison of specs, features, prices of
many makes of similar type products is
simplified,

"‘53) Leads to extra service income — in
addition to radio-TV products, The MASTER
details thousands of products for profitable
hi-fi. sound and industrial servicing.

Includes new servicing items — sub-
miniature and printed circuit components,
color TV and hi-fi test instruments.

5 Guides hams in selecting best equip-
ment to get the most out of their hobby —
shows latest SSB, mobile and CB gear.

@ Spells better kit building — contains
thousands of useful items not contained
in smaller, incomplete catalogs.

Short-cuts delivery time — products
shown in The MASTER are available from
local distributors — just a phone call away.

@ Saves design time — the product
you are looking for is illustrated and com-
pletely described with specs and prices.

J Cuts production costs—widest selec-
tion helps you locate standard items that
meet requirements. Eliminates need to
order a custom item.

Q@Locates the product you want in
seconds — 32 product sections thoroughly
indexed make world's biggest electronic
catalog also easiest to use.

.11£ Simplifies foreign tube substitutions

— NEW Foreign Tube Interchangeability
Guide cross-references virtuaily all foreign
tubes to their American types.

':487'5,: . -:I .II N E W
| W 1963
' EDITION

1680 pages...get your
copy today from your
distributor, only $3.95

In Canada $4.95

The Radio-Electronic MASTER
645 Stewart Ave. + Garden City, N. Y.
CIRCLE NO. 139 ON READER SERVICE PAGE
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New CB Regu

N our editorial “CB and the FCC”
(July, 1962 issue) we discussed a
new law involving the FCC which
would apply to class D Citizens Band
licensees. Basically, it concerned the for-
feiture of licenses and the imposition ot
rather severe fines for violating operat-
ing rules and regulations. We did feel,
hefore further peualties were imposed,
that the IFCC shonld re-evaluate the
problem and clarify, onee and for all,
proper CB operation and regulations.
As a result of similar suggestions from
many other sources, the FCC has finally
prepared extensive amendments to Part
19 of its Rules and Regulations as per-
tains to the Citizens Band, We have just
received a copy of the proposed amend-
ments and regulations and find that not
only have they clarified many of the pre-
viously misinterpreted regulations, but
they have spelled out in considerable
detail just what is and what is not per-
mitted in the Citizens Band. The pro-
posed amendments are much too long
to be reprinted here. but we would like
to review some of the more important
changes.
1. Communications among units of
different stations will be restricted
to only five channels in the Citizens

Band. These are channels 12
(27.105 me.), 13 (27.115 mec.),
14 (27.125 me.), 15 (27.135

me. ), and 23 (27.235 mc.). Com-
munications among units of the
same station will be permitted on
all 23 channels.

. Except for communications bhe-
tween units of the same station,
there will be a 3-minute time limit
on contacts between stations. After
this 3-minute period, the stations
must remain silent for at least 5
minutes and monitor their fre-
quencies before any further com-
munications are made.

3. Transmissions relating to the tech-
nicul performance or capabilities
of the radio equipment will be for-
bidden, except for brief tests not
exceeding 1 minute during any
5-minute period. This testing must
not interfere with any communiea-
tions already in progress.

4. Unincorporated associations will
no longer be eligible for a station
license, except if proof can be
shown that a station license could

o

... for the Rei_:ord

~

By W. A. STOCKLIN

Editor

ations

not feasibly be issued to an indi-
vidual member.

5. The maxiimum power input per-
mitted will remain at 3 watts, but
maximum power output will now
be restricted to 3.5 watts.

Other prohibitions include the trans-
mission of material intended for enter-
tainment purposes, for advertising, or
promoting the sale of goods or services.
Messages transmitted in codes, ciphers,
or by speech scramblers will not be al-
lowed. A licensee of a CB station who
sells such equipment may not allow pros-
pective customers to operate under his
license. Communications over a distance
of more than 130 miles is not allowed.

There are, of course, a great number
of other changes. Those listed above are,
in essence, the major points of interest.
Bear one thought in mind. that the FCC
has again emphatically stated with re-
spect to CB operation, “There has been
no intention to permit the operation of
radio solely for the amusement of the
operator or as a hobby in or of itself.”

These new restrictions will, at least
on the surface, scem to be quite rough
on a good many users of Citizens Band
equipment, particularly those who are
trving to use the band for no useful
purpose other than hobby activity. On
the other hand, we fcel that the FCC
has been patient long enough, has been
quite fair, and should be congratulated
on a job well done.

The most drastic change is the one
confining communications between units
of different stations to only five channels.
It is in these cases that most of the
“hamming” has occurred, and those in-
dividuals who have found great enjoy-
ment in this form of communications
will, obviously, complain vehemently.
This reaction is certainly unjust since
we do have available many types of
amateur radio licenses and amateur
radio bands where this form of operation
is not only permitted, but frankly en-
couraged.

There is a real need for the Citizens
Buand for private use as well as for busi-
ness. Considering that we now have
330.000 licensed users, all since 1958,
and that there is limited radio spectrum
space available, we should make every
effort to use these channels wisely and
in the spirit for which they were orig-
inally intended. A

CIRCLE NO. 100 ON READER SERVICE PAGE —>»
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The move into electronics is your decision. GRANTHAM

i '—w-r‘;{ﬁ;ﬁxﬁ i

SCHOOL OF ELECTRONICS makes your move easier. ..

...easier by teaching you electronics in a logical,
step-by-step manner, while preparing you to qualify
for your First Class Commercial FCC License. This
license is a "'diploma" issued by the U. S. Govern-
ment to certify qualified electronics technicians, and
is awarded only to those who pass certain technical
FCC examinations. We teach you electronics and
prepare you to pass these FCC examinations.
Grantham training is Specialized Training, en-
dorsed and recommended by many electronics firms
throughout the nation, and accredited by the Na-
tional Home Study Council. We teach you the how
and why of basic electronics, with the necessary
math taught as an integral part of the lessons. The

GRANTHAM

SCHOOL OF ELECTRONICS

Accredited Member of the National Home Study Council Nome Age

1505 N. Western Ave.
Los Angeles 27, Calif.

(Phone: HO 7-7727)
February, 1963

408 Marion Street
Seattle 4, wash.

(Phone: MA 2-7227)

3123 Gillham Road
Kansas City 9, Mo.

(Phone: JE 1-6320)

821- 19th Street, N.W. City State
Washington 6, D.C.

(Phone: ST 3-3614)
CIRCLE NO. 120 ON READER SERVICE PAGE

course is thorough, easy to understand, and lays a
solid foundation for all types of electronics work —
communications electronics, military electronics, com-
puter electronics, automation electronics, broadcast-
ing electronics, and many more.

The time required to prepare for your first class
FCC license, an important step toward your goal,
is cut to a minimum through quality instruction —
either by home study or in resident classes. You
learn more electronics in less time because the
Grantham Method is engineered with the student
in mind. Complete details concerning Grantham
training are available free for the asking. Now, it's
up to you —it's your move!

{Mail in envelope or paste on postoal cord) 34-8

To: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N. Western Ave., Hollywood 27, Calif.

Gentlemen:

Pleose send me your free booklet telling how | con get my com-
merciol F.C.C. license quickly. | understond there is no obligotion
ond no solesmon will coll.

Address

! 1 om interested in: [J Home Study, [J Resident Classes
L

1M
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Pack up your
troubles

and send them to

CASTLE

Ask yourself

. . . do you have the time to fool around
drilling, sawing, filing . . . trying to make
a “Universal” replacement tuner fit in
place of the original? Do you have all the
expensive instruments and equipment to
complete the alignment so essential after
each tuner repair or replacement? Can you
spare the time repairing and adjusting your
own TV tuners and can you charge enough
to justify the time spent?

A Castle Overhaul eliminates
every one of these problems.

Castle replaces all defective parts (tubes
and major parts are extra at net prices)
and then aligns your tuner to the exact,
original specifications. Simply send us
your defective tuner complete; include
tubes, shield cover and any damaged parts
with model number and complaint.

ALL MAKES ONE PRICE

995

VHF TUNERS
UHF TUNERS
UV COMBINATIONS®

*UV combination tuner must be of one piece construce

tion. Separate UHF and VHF tuner with cord or gear
drives must be dismantled and the defective unit
sent in. 90 Day Warranty.

Send for FREE Mailing Kit and complete details

CIRCLE NO. 2

12

CASTLE

TV TUNER SERVICE, INC.

Check Map for the
Castle Center Serving You.

5717 N. WESTERN AVE., CHICAGO 45, ILLINOIS
653 PALISADE DR., CLIFFSIDE PARK, N.J.
CANADA: 136 MAIN ST.. TORONTO 13, ONTARIO

Pioneers in TV Tuner Overhauting
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TUBES FOR HI-FI
To the Editors:

I have just read vour editorial on tran-
sistorized hi-fi equipment in the Decem-
ber Er:crroNics \WonLn,

I think that vou do a disservice to vour
readers by implving that transistors are
inherently better than tubes. There is
no reason why transistorized equipment,
per se. should have wider frequency re-
spouse, better transient response, less
phase shift. higher damping factor, or
any other advantage which vou discuss.
Transistors can result in more compact
and more efficient equipment—but these
advantages have nothing to do with qual-
itv of sound reproduction.

The transistor amplifier does give the
opportumity to dispense with the output
transformer (although tubes also permit
this with some added complications).

[ This will ultimately result in a reduction

of cost but some of the other attributed
advantages are rather dubious. T think
vou will find that everv engineer will
agree that a transformer is a far more
lincar device than a transistor. Cetting
rid of the transformer does not auto-
matically bring an improvement in qual-
itv. On the contrary, the elimination of
the transformer creates severe problems
of impedance matching, d.c. off-set of the
loudspeaker, and other disadvantages.
In a few vears, it should be practical

to make transistorized equipment which
can compete with tube equipment on
the basis of quality and price. Which
tvpe will sound better cannot bhe pre-
dieted at this point since nobody has
sifficient knowledge of the relative con-
tribution made by cach of the many
subtle factors which influence sound
quality. Anvbody who expects a major
breakthrough in sound guality has been
more exposed to copvwriting than to
laboratory efforts.

Davin HyrLER

President, Dvnaeo, Inc.

Philadelphia, Pa,

DYNA FM TUNER
To the Editors:

I found vour lab report on the Dyna
FM tuner (FM-1) and multiplex adapter
(FMX-3) quite interesting and informa-
tive. However, the figure given in the
text for HIFM usable sensitivity does not
agree with the value shown on vour
graph (page 24). Which is correct?

RosErT SWEENEY
Akron, Ohio

wWWwWwW americanradiohistorv.com

R FROM OUR READERS B

Reader Sweeney's eyes are mnch
sharper than those of our printer. Al-
though the page had the correct cut on
it when we proofread the lab report. an
incorrect cut was inserted on the page
just before it was printed. The correct
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graph for the Dyvoa ttner and adapter is
shown here. Note that the HHFM usable
sensiticity measured by Hirseh-Houck
Luaboratories is 5.7 microcolts and that
the 0-db audio output is 1.95 colts r.m.s.
—Editors.
5 5
NON-DIRECTIONAL STEREO

To the Editors:

I was extremely disappointed in the
article "Non-Directional Stereo Effects™
by Charles J. Hirseh in vowr October
issue. It seems to have been based on
the argument that: “Stereo is better,
therefore stereo is better.”

In a very scholarly wav, My, Hirsch
has made several extremely poor com-
parisons. For instance, he states that the
major drawback of monophonic repro-
duction is the cancellution of tones from
two out-of-phase sources at the same
frequency, At the same time he states
that two musicians cannot synchronize
their instruments to the accuracy needed
to sustain this cancellation. Normalh
there are several instruments in an or-
chestra producing tones of nearly the
same  frequency with random  phase
orientation. Any two of these tones mav
cancel momentarily, but for all to cancel
simultancously is highly improbable.

On the basis of random phase relation-
ships. and varying individual amplitndes.
the resultant is normalhy a non-zero vari-
able. Such a summation takes place at
each ear continuously, whether the
sounds come from a single speaker or
nltiple speakers,

My, Hirsch also draws an invalid com-
parison hetween binaural listening (with

ELECTRONICS WORLD
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See Only the Scale You Want...in the Exact Range You Want

just set the range switch

and the correct scale appears
AUTOMATICALLY

V O MATIC 360

AUTOMATIC VOLT-OHM MILLIAMMETER

in the new K

VOM and VTVM

WITH
BURN-OUT PROOF
METER

Greatly simplifies your VOM use. Individual full-size scale for each range—and
only one scale visible at any one time, automatically. Once you set the range
switch, it is impossible to read the wrong scale. Reading in the range you want is
amazingly easy —and direct. No reading difficulties, no multiplying, no errors.

Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy +3% DC; £ 5% AC;
(full scale). DC Volts in 6 ranges 0-6000. AC Volts in 6 ranges 0-6000. AF (Output)in 4 ranges
0-300 volts. DC Current in 5 ranges 0-10 amps. Resistance in 4 ranges 0-100 megohms.
Supplemental ranges ailso provided on external overlay meter scales. Meter protected
against extreme overload and burn-out. Polarity reversing switch. Automatic ohms-adjust

control. Mirrored scale. Complete with 1'5-volt and 9-volt batteries, test ieads,

and easy-viewing stand.

Ask Your B&K Distributor
for Demonstration, or
Write for Catalog AP20-N

February, 1963

Net, $5995

DYNAMATIC 375
AUTOMATIC VACUUM-TUBE VOLTMETER

Once you set the range switch, you automatically see only the scale you
want and read the exact answer directly. Saves time, eliminates calcula-
tion, avoids errors. Individual full-size direct-reading scale for each range.
Simplifies true reading of peak-to-peak voltages of complex wave forms in
video, sync and deflection circuits, pulse circuits, radar systems, etc.
Includes DC current ranges, too.

Accuracy +3% full scale AC and DC. Sensitive 100 microampere meter movement.
DC Vvolts in 7 ranges 0-1500. AC Volts (rms) in 7 ranges 0-1500. AC Volts (peak-to-
peak)in 7 ranges 0-1500. DC Currentin 3ranges 0-500 ma. Ohmsin 7 ranges 0-1000
megohms. Utilizes single DA-AC ohms probe and anti-parallax mirror. Swivel stand
converts to carry-handle. Includes 1% volt battery.

Operates on 117 volts 50-60 cycle AC. Net, $8995

BaK MANUFACTURING CO.
,:K Division of DYNASCAN CORPOZAT IN

1801 W. BELLE PLAINE AVE. *+ CHIZAGSD 13, ILL.

Caonada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.

Export: Empire Exporters, 253 Broadway, New /ork 7, US.A.
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WIRE RHRAS (MEMORY ! *
But
Not i Merit's 110° yokes

* A tendency to return to its original form.

4 )

Picture shrinkage and distortion
so prevalent in |1O° deflection systems,
is generally caused by excessive heat,
which expands and contracts the windings
of a deflection yoke......... MERIT solved
this problem “once and for all’

MERIT laboratories developed an
immersion process so efficient,that the
yoke coils are locked in their prescribed
forms permanently.

Dont take our word for it! One trial
will convince you.

k See your MERIT distributor.

MERIT

COIL and TRANSFORMER CORPORATION

Merit Plaza d_'/o[[yuyood, Glorida

14
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earphones) and stereo listening. He
claims that “sterea suffers appreciably
fewer annulments of tones and creates
appreciably fewer beats.” The first part
ot this statement mav be true, since
doubling the number of speakers doubles
the number of rundom phase vectors,
but this is equally true of two speakers
tor monaural sound. The latter part is
manifestly not true. The beat notes are
dne to non-linearity of the human ear
and any two signals at sufficient ampli-
tude and ditferent frequency will pro-
duce a beat note. Both of these signals
may be on the sume channel (L or R).
is which case there is no advantage ove
monmral listening. However. one man
be on one channel and one on the other.
In this case there is a slight advantage

2 to 3 db) in the beat amplitude due
to the attenuation of the R channel in
reaching the left ear and the L channel
in reaching the right ear. Under normal
stereo listening conditions, the opposite
channel attenuation will not exceed this
amount.

\ turther indication of the prejudice
displaved is in the conduct of the “feld
tests,” in which tne listener was allowed
to select the torm of reproduction him
self, as well as evaluate the quality. Such
1 test, in an area such as this where the
differences included are at the limit ot
detection, is completely worthless. Onl:
a slight pre-bias towards stereo (and
everyone knows that stereo sounds bet-
ter!) would end in overwhelming results
toward the stereo reproduction. The
only way to evaluate these small differ-
ences is to have the listener select the
tvpe of reproduction he likes best with
out Anowing which tvpe it is.

I tound the article stimulating and
full of new wuvs of stating well-known
facts, but I consider that the conclusions
reached were established « priori, and

[ the argument filled in to that end. A
[ large portion of the discussion is valid

with respect to differences between Di
naural channels, but is invalid with 1
spect to occurrences within a given
channel (L to R), and is not valid for
stereo to the extent that stereo is no
binaural.

L. Caxior. RonenT Inving, U, S, Navy

Engineering Duty (Electronics)

SILICON RECTIFIER CHECKER

To the Editors

The article “Silicon Rectifier Checker”
appearing on page 98 ot the November.
1962 issue of Ei.zcriroxics \WoRLD was
taken from a “Tech-Tip” I wrote. Untor
tunately, the parts list contained an ervor
in two resistor values. R4 and R5 should
each be 14 ohms instead of the 10-ohimn

| value indicated.

K. H. SUEKER

Technical Products Manager
Westinghouse Electric Corp
Youngswood, Penna A

ELECTRONICS WORLD
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Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature” can also be obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

L T T T P T PP PP P Y T TR T T L T P T T LR LI L L LY #essscescscecccsssonser

ELECTRONICS
P.O. BOX 7842

WORLD TOTAL NuNess [~ N  Void After 2

OF REQUESTS

PHILADELPHIA 1, PA,

Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.

Feb. 28,1963 i

100 101 102 103 104 105 106 107 108 109 10 1 N2 N3 14 M5 N6 N7 ng N9 i
120 121 122 123 124 125 12 127 128 129 130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 75 176 177 178 179
NEW PRODUCTS & LITERATURE 12 3 4 5 6 7 8 9 10 M 12 13 14 15 16
718 19 0 N 2 23 4 25 2% 7 8 29 30 3 2 33 M 35 3% 3y B/
940 41 42 43 4 45 46 47 48 49 50 51 S2 53 54 55 6 ST 58 59 60 |

(Key numbers for advertised products also appear in Advertisers Index)

NAME
ADDRESS

ity STATE

February, 1963

fuasSsuasecussaNNsasNasEENAEETAGeaunaan ssasans Sauascscsadossesesscen
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40 k'l!l

H. H. Scott Model 340 Integrated Tuner-Amplifier

Don Bosco PHD-100 Universal Signal-Tracer Lab Set (page 20)

Citroen Model 660 Tape Recorder (page 96)

(UDIO PRODUCTS TESTED BY HIRSCIFHOUCK LABS

7391 output tubes in each channel.
There are inputs for high- and low-level
magnetic cartridges, plus a tape head. A

H. H. Scott Model 340 Integrated Tuner-Amplifier

For copy of manufacturer's brochure, circle No. 38 on coupon (page 13).

front-panel switch selects the appropri-
ate equalization for record or tape listen-

HE Scoft 340 is a complete sterco

tuner-amplifier on one chassis. 1t
has an FMM stereo tumer, essentially simi-
lar to the company’s Model 350, plus a
60-watt stereo amplifier and preampli-
fier.

» e - . R
The tuner has a cascode r.f, amplifier, [ I e A i i e TH | 1
. . o | T FREQUENCY RESPONESE
pentode mixer and triode oscillator, two P i i L S5 |Fvyies et S s i 3 1
i.f. amplifiers, a limiter, and a wide-band q» - i

ratio detector. The nultiplex decoder
uses switching circuitry. A unigue fea-
ture is the “Sonic Monitor” for identify-
ing sterco broadcasts, When the “Sonic
Mouitor” switch is placed in the “Moni-
tor” position, the 38-ke. oscillator in the
multiplex decoder is detuned a few hun-
dred cvcles. Its output is combined with
the 19-kc. reccived pilot carrier in the
diode detector, The second harmonic of

venient means for the user to optimize
his tuning. With the “Sonic Monitor”,
we found that the tuner-amplifier could
be tuned by ear to obtain the best sepa-
ration of which the unit was capable.
The amplifier is rated at 30 watts per
channel (music power), using a pair of

ing. The input selector has positions for
phono (or tape), FM mono, FM stereo,
plus an extra high-level input. There is
a switchable sub-channel filter which re-
duces noise in stereo reception, at some
loss of separation. There are the usnal
bass and treble tone controls, separate
for cach chanmel, The volume control
can be loudness compensated by a slide
switch, boosting the hass response at the
lower vohune settings. There is also a
tape monitor switch, for listening to tape
recordings off the tape as thev are being
made. A scrateh filter is effective on all
nputs,

The stereo selector switch is excep-
tionally flexible. In addition to normal
stereo and reversed-channel stereo, it has
“Bal. Left” and “Bal, Right” positions,
in which both chamnels are combined
and fed to only one speuaker at a time.
These positions are used with the bal-

RESPONSE-DB

: 1 1 =
LEFT EHANNEL
——meeee RIGHT CHANNEL

| | crossTALK

the 19-ke. carrier, generated in the di- '“';‘! " Fr i
ode, beats with the internal oscillator to H |
. . T Ik 20K C,

produce an audible tone in the speakers. e e epe €
If no pilot carrier is present, only a slight
ushing sov is heard.
" A IH_‘ 0 ”.l(] 18 he. o (!, . . CONTINUOUS SINE-WAVE POWER PER CHANNEL WwITH BOTH CHANNELS DRIVEN

The “Sonic Monitor” is not automatic 100 e ———r T ns ===
——there is no indication on a stereo [ e s o e #-L:j T .‘Et* a— — l_[ 1 1

o 0. O . O A . 50 —— ——t . - + — i + L
broadcast when it is in its Listen” posi-  » — 1+ T T MAXIMUM POAER OUTPUT =295 WATTS T T T 1T T
tion. However, it does offer one real ad- & *°f == T=7T" s = PremE— ’ e
o Q Q . 2 20K — B SNV U4 S S S = + - 2%, THD ’ -+ -
vantage over ordinary visual signal in- ' . ] % THD
. . . [y { 1 *‘ TH
dicators. When the tuning dial is ad- 2 , s e ey =
. . - S — 7 — = m— =
jnsted for londest and clearest andio 3 7= ___-{:-_i—;,+; F - Yy LEF + CoaNNEL -
tone, the best stereo separation is ob- & ST B R S O N L
tained. In general, stereo tuners do not 3 33— ! I=1es] I = 1 T
. . . . o 17 R L] L +
give their optimmu separation when e T R El b
timed for maximum signal level, but BN [ i | |
¥ S" ’ 20 30 50 70 100 200 300 500 700 IKC 2KC  3KC 5KC  7KC  IOKC 20KC.

until now there has not been any con-
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THE FISHER

sl by B pak

B o 2 ™ @

A A

Three points of superiority of the Fisher KX-200 StrataKit
over all other single-chassis stereo control-amplifier kits:

1. Built-in d'Arsonval Meter. For easy,
positive adjustment of bias and balance —
with laboratory accuracy. Assures peak
performance from the start; permits
‘touching up' for continued peak perform-
ance throughout the years, regardless of
tube aging. No other single-chassis con-
trol-amplifier kit has this vital feature.

2. Third-Speaker Output with Volume Con-
trol. Blends the two stereo channel outputs
to feed a third loudspeaker system—at any
desired volume level. Ideal for center-chan-
nel stereo fill-in or for a mono extension
speaker in another room. Another Fisher
exclusive among control-amplifier kits.

3. The Fisher Name. The inimitable Fisher
exclusive. Your guarantee of a head start
in kit building — before you even pick up
your screwdriver,

And there is something under the chassis,

too, that others don't have: StrataKit con-
struction—assembly by totally error-proof

“WALNUT OR MAMOGANY CLBINET S04 AR, METAL CABINET, 315 03,

stages (strata). Each stage corresponds to
a separate fold-out page in the instruction
manual. Each stage is built from a separate
transparent packet of parts (StrataPack).
Major components come already mounted
on the extra-heavy-gauge steel chassis.
Wires are pre-cut for every stage — which
means every page. Result: Absolutely equal
success by the experienced kit builder or
the completely unskilled novice!

The KX-200 has a power output of 80 watts
(IHFM Standard) — 40 watts per channel.
Harmonic distortion at rated output is
0.4%. The architectural brass-finish con-
trol panel is styled to match all other
Fisher-built components. Price $169.50*.
The KX-100 StrataKit, an advanced 50-watt

stereo control-amplifier kit with center-channel
speaker output, $129.50*,

The KM-60 StrataKit, world's most sensitive FM
Stereo Muitiplex wide-band tuner available in
kit form, $169.50*.

The KS-1 3-way speaker kit, only Slim-Line loud-
speaker system available in kit form, $59.50**.

.o

FREE! $1.00 VALUE! The Kit The
Builder's Manuat: a new, Kit Bolider's
illustrated guide to high- Manual

fidelity kit construction,

FISHER RADIO CORPORATION
1 21-38 44th Drive

Long Island City 1, N. Y.

Please send me without charge The Kit
Builder's Manual, compiete with detailed in-
| formation on all Fisher StrataKits.

Name

Address.

Zone State

City

07211

THE FISHER

PHUNFIMISHED BIRCH (364.50 IN UNFINISHED WALNUT,) PRICES SLIGHTLY HIGHER IN THE FAR wEST.

EXPONT. FISHER G4DI0 INTERNATIONAL, INC.. LONG ISLAND CITY 1, M. ¥, CANADA: TRI-TEL ASSOCIATES, LTD.. WILLOWDALE, ONT.

February, 1963
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Checklist for buying
afull-power CB 2-way radio

look for these features:

TRANSMITTER POWER — For
longest tronsmission range possible,
choose o 5 wott unit, the maximum author-
ized power input for Class D CB radios.

SENSITIVITY —A greater sensitivity

rating indicates a better obility to
reproduce weak signals. look for a sen-
sitivity rating below 1 microvolt to capture
signals transmitted many miles away.

SELECTIVITY —A rodio's ability to

reject interference from channels not
tuned in, is largely determined by the
type of circuit used: superregenerative,
superheterodyne or duol-conversion
superheterodyne. The latter circuit, the
duol-conversion superheterodyne, is ac-
knowledged by experts to be the best cir-
cuitry for cleorest reception. Says len
Buckwalter, noted communications author,
in Electronics lllustrated May 1962. . . .
Look for the dual-conversion feature if you
wish to get top receiver performance.”

CRYSTAL-CONTROLLED CHAN-
NELS—Fixed crystal controls assure
accurate, fast communicotions contact.
They encble users to switch quickly from
one channel to another to contact differ-
ent persons, to find a chonnel that isn't
busy. It is best to choose a CB wnit with
multiple crystal-controlled channels for an
efficient, flexible 2-way radio system.
POWER SUPPLY—A power supply
should be on integrated port of ¢ CB
radio. Since full-power CB radios are mast
often used in vehicles ond base stations,
a CB radio's power supply should be able

A

O

Cadre ‘510’

All-Tronsistor, 5-Watt, 5-Channel,

plus all-channel manual Tuner, $199.95

to operate fram both 12-volt auto battery
ond 110-volt AC line.

AUTOMATIC SQUELCH — This

automaticaolly eliminates onnoying
bockground noise when o CB radio is on
‘standby’ {not transmitting and reody to
receive any radio calls). Thus, hisses,
crackles and other noises can't distract
workers, drivers, etc.

AUTOMATIC NOISE LIMITER —

An effective automatic naise limiter
is necessary, especially in heovily popu-
lated areos, to shut out extraneous inter-
ferences such as ignition noise. Makes
messages more intelligible.

RELIABILITY — CB radios must
withstand vibration and shock which
occurs during mobile use. Solid-state com-
ponents—tronsistors and diodes—are less
susceptible to domage thon fragile tubes.

PORTABILITY — Some full-power

CB radios may be used in the field
as portable units when equipped with o
portable case-battery accessory. These
units are generally lightweight, compactly
designed and offer greoter operating
flexibility.

INSTALLATION — Compact CB

radios with simple mounting provi-
sions dan't steal leg room in vehicles, lower
installation and maintenance costs.
Cadre Industries has two 5-watt models
that rate high in every category. Each is
supplied with a press-to-tolk microphone,
set of matched channel crystals, universal
mounting brocket and AC & DC cords.

Cadre ‘515’

All-Transistor, 5-Wott,
5-Channel, $187.50

See your Cadre distributor far a demonstration, or for more details, write:

n . ADREes

INDUSTRIES CORP. O COMMERCIAL PRODUCTS DIVISION 11 ENDICOTT, REW YORK O AREA CODE 607. 748-3373

Canada: Tri-Tel Assoc.. Ltd., 81 Sheppard Ave.West. Willowdale, Ont. Export: Morhan Exporting Corp., 485 Broadway. New York 13, N. Y.

CIRCLE NO.
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ance control to adjust the relative chan-
nel volumes. There are also positions in
which either right or left channel is fed
to both amplifier channels and speakers.
and one in which the outputs of a stereo
cartridge are paralleled  for plaving
mono records.

In our lab measurements, the THEFM
usable sensitivity of the FM tuner was
3.6 av. At 100% modulation, the distor-
tion of the tuner was 1.4%, increasing
somewhat at very  high  signal-input
levels. The stereo performance of the
tuner was excellend, with channel sepa-
ration of 30 to 35 db at lower frequencies
and better than 20 db all the wav up to
S ke, As mentioned before, these figures
are typical of those obtainable by the
user, becanse of the “Sonie Monitor.”

The tuner had very low drift (there is
no a.f.c.), a capture ratio of 5 db, and
extremely low hum (- G5 db referred to
100%Z modulation) .

The amplifier had excellent frequency

[ response and cqualization  characteris-

tics, being within = 1.5 db of the ideal
response from 20 to 20,000 c¢ps. The
scrateh filter was mild in its action. but
nevertheless quite cffective. The power
amplifiers exceeded the manutacturer’s
specifications handily, developing over
30 watts per channel in continuous oper-
ation (with both channels driven) at 2%
IND distortion. At outputs under 10
watts, the IM distortion was a fraction
of a per-cent. The power response was
quite nniform over the entire range, with
full output obtainable at 19 or 2% har-
monic distortion. At 0.3% distortion, the
output below 30 ¢ps was limited, Hum
levels were low, abont 70 db to 80
db on the "Extra”™ input and 64 db on
“Phono.” referred to 10 watts, The am-
plifiecr was stable under any capacitive
or resistive load we conld apply.

The 310 operated as nicely as it meas-
ured. delivering top guality sonnd from
both tuner and phono inputs. We did
feel that the switching system for the
FM stereo and “Sonie Monitor™ sections
was undesirably complex. For example,
the “Sonic Monitor™ switch must be set
to “Monitor” to tune in a stereo broad-
cast, and returned to “Listen” to hear
the program. The input scelector must be
set to “IN MPX” to make this circuit
operative. Finally, there is an ag.c.
switch which must be in “Mono” for the
tuning meter to operate, and should he
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4 gold anodized models from

*Pot. Nos. ULS. 2,700,105; 2,955,789 © Canada 511,984  Others Pending.

WINEGAR
COLORTR

N — -

\ A

|
> , AVAILABLE WITH REVOLUTIONARY {.
NUVISTOR COLORTRON AMPLIFIER... \

Now, through continuous Winegard rescarch, a new. im-
proved Electro-Lens yagi has been developed—the NEw
WINEGARD COLORTRON—PERFECT ANTENNA For Coror TV!

Colortrons have a flat frequency response (plus or minus
14 DB across anv 6 MC channel), no “‘suck-outs™ or “‘roll-oft™
on end of bands . . . accurate 300 ohm match (VSWR 1.5 10
I or better) . . . unilobe directivity for maximum ghost and
mterterence rejection. They deliver today’s linest color recep-
tion, give a new picture quatity 10 black and white. Colortrons
are the only outside antennas that carry a WRITTEN FACTORY
GUARANTEE OF PERFORMANCE.

And Colortrons are built (o last. High tensile aluminum
tubing for rigidity and stabitity, insulators with triple mois-
ture barrier, GOLD ANODIZED for complete corrosion-proofing.

There are 4 Colortron models 10 cover every reception need,
from suburbs to distant fringe areas . . . $24.95 10 $64.95 list.

New Winegard Colortron twin-nuvistor amplifier perfectly
matiches Colortron antennas. Gives added gain and sensitivity
on both color and black and white. Ulira-low noise, high

MODEL C44
GOLD ANODIZED $64.95

MODEL C-43

: % m-llaeyald ANTENI\‘JAAASYSTEMS

GOLD ANODIZED $51.90

gain Colortron Nuvistor Amplifier can easily drive 6 or more
TV sets.

With revolutionary twin-nuvistor circuit, Colortron ampli-
fiers can handle up to 400,000 micro-volts of signal without
overloading. This is 20 times better than any single transistor
anmplifier. The Colortron Amplifier will bring the weakest
signals up out of the snow. yet strong local TV & FM signals
will not overload it. A special life saver circuit gives the two
nuvistors a life of S 1o 8 years.

This amplifier is completely trouble free and the finest
performing antenna amplifier you can own.

Completely weather sealed, nothing is exposed 10 corrode
and cause trouble . . . has all AC power supply with 2 set
coupler. (Model No. AP-220N. $39.95 list). Twin transistor
model also available up to 80,000 micro-volts input. New ripe
circuit protecis iransisior from static electricity built up in
lightning flushes. (Model No. AP-220T, $39.95 list).

Cobortroi Amplifier can be added 10 anv good TV antenna
Sfor sharper. clearer TV reception.

Ask vour distributor or write for technical bulletin.

MODEL C41
GOLD ANODIZED $24.95

MODEL C-42
GOLD ANODIZED $34.95
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CHECK
YOUR FUTURE

in the broad range of

ELECTRONIC
ENGINEERING
TECHNOLOGY

Associate of Science Degree
College level 24-months course

4 PROFESSIONAL STATUS

™ TOP-LEVEL ASSOCIATES

& STIMULATING ASSIGNMENTS

& EXPANDING HORIZONS

o AEROSPACE OPPORTUNITIES

[ HIGH SALARIES ... ADVANCEMENT

TELSTAR satellite —*“a package of electronics”
~is the most recent achievement of electronic
application in the aerospace age. Electronic
Engineering Technology opens career opportu.
nities in virtually every type of activity: com-
munications, computers, radar, aviational and
navigational aids, industrial controls, guided
missiles—the list is endless. The demand for
trained Electronic Technologists is growing.
Grow with it. World-famous Embry-Riddle is an
institution built around a tradition of achieve-
ment. Small classes. Personalized training.
Accelerated instruction—three 15-week trimes-
ters per calendar year. Mail the coupon and
get full information . . . NOW.

An Institution
of Higher Education
Founded, 1926.

Embry Riddle
AERONAUTICAL INSTITUTE
DIRECTOR OF ADMISSIONS

Embry-Riddle Aeronautical Institute
Aviation Building, Miami 52, Florida

Print Name..........oiiviiiiiiiiiiaceaeae
Address.......oooviiniiiinenns Age........
City. oo State.........

O Electronic Engineering Technology

O Executive Pilot—Bachelor of Science Degree
01 Business Pilot—B.B.A. Degree

O All Other Flight Courses

O Aeronautical Engineering—B.S. Degree
1 Aircraft Maint. Engr.—B.S. Degree

D Aircraft Maint. Engineering Technology,
O Aeronautical Engineering Technology

11-EW-23

MAIL THIS COUPON TODAY

J

in “MPX” when listening to stereo broad-
casts. We could not detect any improve-
ment in stereo broadcast noise levels
when using it, however. It would be
much more convenient if the “Sonic
Monitor” function could have heen in-
cluded as an extra position on the inpnt

selector switch, which would make its
use a simple onc-handed operation.
Apart from these minor criticisms, the
Scott 340 must certainly be classed as
one of the finest integrated stereo tuner-
amplifiers we have tested. It sells for
$379.953, less case, A

Don Bosco PHD-100 Universal Signal-Tracer Lab Set
For copy of manufacturer’s brochure, circle No. 59 on coupon (page 15).

HE PHD-100, manufactured by
Don Losco Electronics, Inc., is a
novel signal-tracing instrument. Incor-
porating the company’s “Stcthotracer”
and additional accessories, the set should
prove very useful as a laboratory and
field tool, as well as for radio and TV
servicing. The “Stethotracer” resembles
a fountain pen in size and shape, and
contains a tiny 3-transistor amplifier and
a 1.5-volt battery. The clip serves as a
power switch, turning the unit on when
it is pushed toward the tip of the “pen.”
The amplifier output appears at a
miniature connector on the side of the
case, into which plugs a three-foot cord.
The other end can be plugged into a
small earphone, or a twin banana-plug
adapter for connecting to a v.t.v.m. or
oscilloscope. The input of the amplifier
accepts any of several interchangeable
heads, which extend the usefulness of
the “Stethotracer” into many areas. The
basic attachments include three prod
tips, having 0-db, 20-db, and 40-db at-
tenuation, A fourth prod has a built-in
diode, and is used as an r.f. detector.
There are five additional screw-on
heads for special applications. One has
a standard phone jack, into which the

N RE AR
o ] Ll |

output of a phono cartridge or tape head
may be plugged. Another contains a 93-
mil track width magnetic tape head,
which can be held against a moving
magnetic tape or sheet, allowing the pro-
gram to be heard without additional
amplification. This can be used to study
magnetic recording behavior. There is
a dyvnamic microphone head, covering
speech frequencies, and a vibration pick-
up operating from 200 cps to beyond
audibility. Finallv, there is a gold-plated
microwave demodulator head, covering
from 300 mc. to 10,000 mec, The entire
set comes in a handsome, fitted case,
measuring 105”7 x 74”7 x 127,

We measured the electrical perform-
ance of the “Stethotracer”™ by driving it
from an audio generator and measuring
its frequency response and distortion.
This was done with the output adapter
connected to an oscilloscope and v.t.v.m.

Frequency response was within *+3
db from 230 ¢ps to 100,000 cps. falling
steeply outside these limits. Mid-fre-
quency voltage gain was 800. Since the
input impedance is much higher than
the output impedance, the actual power
gain is much higher. The nominal out-
put impedance is 600 olims. The input
impedance at 1000 ¢ps was 4000 ohms
direct, 530.000 ohms through the 20-db
head, and 330,000 ohms through the
40-dDb head. Through the r.f. head it was
30.000 ohms.

The “Stethotracer” is rated to deliver
0.176 v.(r.m.s.) output. At 0.1 volt the
harmonic distortion was 4.5%, rising to
6% at 0.2 volt. The residual noise level
in the output was 3.5 millivolts measured
with the input open-circuited. The meas-
ured attenuations of the 20-db and 40-db
heads (which are not intended as pre-
cision attenuators) were 16.8 db and
4-4.3 db respectively.

We used the lab set under a variety
of conditions, and were impressed by

(Continued on page 96)
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Two outstanding products by the HIDDEN who plan for your future:

SPRAGUE

.05 MFD.#10%,
}' 600¥AC

BLACK BEAUTY®

molded tubular

|
ORANGE DROP” |
!dipped tubular

TWO GREAT TUBULARS . .. TAKE YOUR CHOICE®

(£ 10% Capacitance Tolerance is standard at no extra cost)

Sprague Difilm Capacitors can’t be beat! Dual-dielectric con-
struction combines the best features of both Mylar" polyester film
and special capacitor tissue. And for additional reliability, Difilm
capacitors are impregnated with Sprague’s HCX*, a solid impreg-
nant which produces a rock-hard capacitor section—there’s no wax
to drip, no oil to leak!

BLACK BEAUTY Molded Tubulars are actually low-cost versions of
the famous Sprague high-reliability capacitors used in modern
military missiles. They’re engineered to withstand 105°C (221°F)
temperatures . . . even in the most humid climates! And their tough,
molded phenolic cases can’t be damaged in handling or soldering.

ORANGE DROP Dipped Tubulars are the perfect replacement for
radial-lead capacitors now used by leading manufacturers of TV
sets. Leads are crimped for neat mounting on printed wiring boards.
Extremely small in size, they’ll fit anywhere, work anywhere. And
they’re double-dipped in epoxy resin for extra protection against
moisture.

The “Hidden 600" are Sprague’'s 600 experienced researchers
who staff the largest research organization in the
electronic component industry and who back up the efforts
of some 8,500 Sprague employees.

Get your copy of Catalog C-614 from

any Sprague distributor, or write ¢
Sprague Products Co., 51 Marshall
Street, North Adams, Massachusetts.

. WORLD'S LARGEST MANUFACTURER OF CAPACITORS

February, 1963

THE MARK OF RELIABILITY
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Why Fred got

T laughed when Fred Williams, my old high school
buddy and fellow worker, told me he was taking a
Cleveland Institute Home Study course in electronics.
But when our boss made him Senior Electronic Tech-
nician, it made me stop and think. Sure I'm glad
Fred got the break . . . but why him . . . and not me?
What’s he got that I don’t. There was only one
answer . . . his Cleveland Institute Diploma and his
First Class FCC License!

After congratulating Fred on his promotion, I
asked him what gives. “I’'m going to turn $10 into
$10,000,” he said. **My tuition at Cleveland Institute
was only $10 a month. But, my new job pays me $10
a week more . . . that’s $520 more a year! In twenty

a better job...

years . . . even if I don’t get another penny increase
... I will have earned $10,400 more! It’s that simple.
I have a plan . .. and it works!”

What a return on his investment' Fred should have
been elected most likely to succeed . . . he’s on the
right track. So am I now. I sent for my three free
books a couple of months ago, and I'm well on my
way to Fred’s level. How about you? Will you be
ready like Fred was when opportunity knocks? Take
my advice and carefully read the important infor-
mation on the opposite page. Then check your area
of most interest on the postage-free reply card and
drop it in the mail today. Find out how you can
move up in electronics too.

www americanradiohistorv com
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How You Can Succeed In Electronics
« « « Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right” for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . ., .
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, T'elevision,
Transistors, and preparation
for a 1st Class I'CC License.

i S

L2 SV VIR
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2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to main-
tain and service all types of
transmitting equipment,

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitters.

4, Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this ‘‘com-
pact” program . . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding, Industrial Controls,
Servomechanisms, and Solid
State Devices.

An FCC License . .. or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund all tuition payments. You
get an FCC License . . . or your money back!

For Every CIE Student... A New Electronics
Slide Rule . { -: et | K

i
]

F - N ==

Every CIE student receives this valuable Electronics
Slide Rule and complete instructions for its use. As a
student...and throughout your electronics career, it will
save you hours in solving difficult electronics problems.

Job placement service . .. another CIE extra
to help you get ahead in electronics

Once enrolled with CIE, you will get a monthly listing
of the many high-paying interesting jobs available with
top companies throughout the country. Many Cleveland
Institute students and graduates hold such jobs with
leading companies like these: American Airlines, Amer-
ican Telephone and Telegraph, General Electric, General
Telephone and Electronics, IBM, Motorola, North
American Aviation, New York Central Railroad, Ray-
theon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry
... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

L

‘%" Full accreditation . .. your assurance of
< competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.
Mail Reply Card Today.

Cleveland Institute of Electronics

February, 1963

Dept. EW-74, 1776 E. 17th St., Cleveland 14, Ohio
25
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® A new 3 inch Extended View

L1l

Portable Scope with New
Features and Performance
Unmatched by even the most
Costly 5 inch Oscilloscopes

SENCORE PS120
PROFESSIONAL
WIDE BAND
OSCILLOSCOPE

Here it is, the scope that technicians, engineers and service-
men from coast to coast have been demanding. A portable
wide band scope that can be used on the job anywhere, yet
has the highest laboratory specifications for shop or lab.
Cumbersome color T'V sets, remote audio and organ install-
ations and computers are just a few of the jobs that make
owning a scope of this type so essential. Why consider a
narrow band scope, when for only a few dollars more, this
professional wide band sensitive scope equips you for any job.
» The PS120 provides features never before offered. Only
two major controls make the PS120 as easy to use as a volt-
meter. Even its smart good looks were designed for functional
efficiency. New forward thrust design, creating its own
shadow mask, and full width calibrated graph increase
sharpness of wave form patterns. A permanent chromed
steel carrying handle instead of untidy leather strap and a
concealed compartment under panel for leads, jacks and AC

Lowest priced
Wide Band 3 inch Scope
anywhere. All hand wired.

Only
124°° net

Kit $74.50

line cord make the PS120 the first truly portable scope com-
bining neatness with top efliciency.

¢ Electrical specifications and operational ease will surpass
your fondest expectations. lmagine a wide band scope that
accurately reproduces any waveforin from 20 cycles to 12
megacycles. And the PS120 is as sensitive as narrow band
scopes . . all the way. Vertical amplifier sensitivity is .035
volts RMS. The PSI120 has no narrow band positions which
cause other scopes to register erroneous waveforms unexpect-
edly. Another Sencore first is the Automatic IRange Indi-
cation on Vertical Input Control which enables the direct
reading of peak-to-peak voltages. Simply adjust to one inch
height and read P-to-P volts present. Standby position
on power switch, another first, adds hours of life to CRT
and other tubes. A sensitive wide band oscilloscope like the
PS120 has become an absolute necessity for trouble shooting
Color TV and other modern circuits and no other scope is as
fast or easy to use.

S PECIFICATIONS
WIDE FREQUENCY RESPDNSE: HORIZONTAL SWEEP OSCILLATOR:
Vertical Amplifier—ftat within 2 DB from 20 cycles to 5.5 MC, down —3 DB at 7.5 Frequency range— 4 ranges. 15 cycles—150 KC

MC, usable up to 12 MC.

Sync Range— 15 cycles to 8 MC usable to 12 MC

Harizantal Amplifier—flat within —3 DB from 45 to 330 KC, flat within —6 DB

from 20 to 500 KC.
HIGH DEFLECTION SENSITIVITY:

RMS P/P
vertical Amplifier—Vert. input caple .035V. IN.  Q.1V/IN.
Aux, vert. jack L035V/IN.  0.1V/IN.
Through hi-Imped. probe 35V/IN. 1.0V/IN.

Horizantal Amplitier-— S1V/IN. 1.44V/IN.

HIGH INPUT RESISTANCE AND LOW CAPACITY:

vert. input cable 2.7 Meg. shunted by approx. 85 MMF
Aux. vert. input jack 2.7 Meg. shunted by approx. 20 MMF
Through hil-imped. probe 27 Meg. shunted by 8.6 MMF

Horiz. input jack 330 K to 4 Meg.

The PS120 is a must for color TV
servicing. For example, with its ex-
tended vertical amplifier frequency
response, 3.58 MC signals can be
seen individually.

26 CIRCLE NO.
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MAXIMUM AC INPUT VOLTAGE:
Vertical input cable—
1000 VPP (in presence of 600 VDC)

Aux, vert. jack—
Hi-imped. probe—
j approx. 15 VPP (in presence of 400 VDC)

Horiz. input jack—

POWER REQUIREMENTS:
Voltage—
Power consumption—

105-125 volts. 50-60 cycle
0n pos. 82 watts
Stby. pos. 10 watts

SIZE: 77 wide x 9” high x 1114~ deep—weight 12 Ibs.

S ENCORE

ADDISON 2, ILLINOIS

ELECTRONICS WORLD
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looks innocent...but this chassis has a “tough dog”* repair problem

*no picture —raster okay —sound distorted

you may be able to solve the
trouble in an hour or more ......Or you can do it in minutes \EH

With a pHOTOFACT® Folder by your side,
the job takes just minutes. You use the Tube
Placement and Tube Failure Check Charts
(found in every PHOTOFACT TV Folder)
and test the Video, AGC and IF tubes—they
check okay. Adjusting the AGC control pro-
duces a weak picture, but the contrast con-
trol has no effect.

Referring to the Standard Notation Sche-
matic, there is a normal waveform at the
Video grid. There is a weak signal at the
plate. Voltages are high. In just minutes,
you've pinpointed the trouble. When com-
paring resistance with the handy chart, rotat-
ing the contrast control varies the reading,
but you find it's high. The answer: A cold
solder joint at the center of the control.
Trouble solved—in just minutes—with
PHOTOFACT!

YOU EARN MORE DAILY when you
have PHOTOFACT at your fingertips.
It's your time-saving troubleshooting
partner for everything that comes into
your shop. Just reach for the easy-to-
find PHOTOFACT Folder you need for
any model. It provides everything you
want—complete, uniform, authoritative.

You get: Famous Standard Notation
Schematics packed with all the service
details you need; full Photo Coverage
of all chassis views; Complete Replace-
ment Parts Lists; Tube Placement Dia-
grams; full Alignment Instructions;
actual Waveform Photos; CircuiTrace®
for printed boards; Alternate Tuner
data; Terminal Identification and Con-
nections; Disassembly Instructions

(including auto radio removal); Field-
Servicing Notes; Dial Cord Stringing
Diagrams; Changer and Recorder "'Ex-
ploded Views"—plus dozens of other
great features.

Own the complete PHOTOFACT Li-
brary—so you can instantly put your
hands on all the quick help you need
for any job on your bench! If you're
not now a PHOTOFACT Library owner,
you're more than paying for it in the
time you lose every day. So take the
right step totime-saving, profit-building
servicing—see your Sams Distributor
for details on an Easy-Buy PHOTOFACT
Library and Standing
Order Subscription—or
send coupon today!

COUPON

OWN YOUR PHOTOFACT LIBRARY
THIS EASY-BUY WAY

More than pays for itself from the first day you put
itinto your shop! Now available to you on a Special
Easy-Buy Deal: ¢« NO INTEREST ¢ NO CARRY-
ING CHARGES ¢ ONLY $10 DOWN ¢ UP TO
30 MONTHS TO PAY. And you get FREE file
cabinets with your PHOTOFACT Library—so you
have all you need for time-saving, money-making
service work right at your fingertips. Get the
PHOTOFACT Library details today.

START A STANDING ORDER SUB-
SCRIPTION TODAY —Keep up with the
rapidly-increasing current model output!
See your Sams Distributor or send coupon
now for full details.

February, 1963

[o———m———————e-

HOWARD W. SAMS & CO., INC.

Howard W. Sams & Co., Inc., Dept. 5-B3 \
4300 W. 62nd St., Indianapolis 6, Indiana ‘\
O Send full information on Easy-Buy Plan Q‘

0O Enter my Photofact Standing Order Subscription

My Distributor is:

Shop Name

Attn

Address.

City Zone State

e T e e e e v——
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108 KITS
and FAGTORY-WIRED too!

All EICO models are available as Kits
or assembled and Factory-Wired. So,
whether you budd it yourself cr we do
it for you—either way—they look, sound
and perform ider:tically . . . all best buys

and top performers.

1

~»

SN

o

Uni-card holders can buy at any EICO

terms at most dealers.

Listen to the EICO Hour. WABC-FM. N. Y., 95.5 MC.

Mon.-Fri, 7:15-8 P, M. Export Dept.. Roburn Agencles 10.

Inec., 431 Greenwich St., New York 13

Over 2 million EICO instruments in use. 7.

dealer with no down payment. Budget 8.

. FM Multiplez Stereo Tuner ST97

Semi-Kit $98.95 Wired $149.95 Incl. Metal Cover & FET

. 40-Watt Integrated Stereo Amplifier ST40

Kit $79.95 wired $129.95 Incl. Metal Cover

. 70-Watt Integrated Stereo Amplifier ST70

Kit $99.95 Wired $149.95 Incl. Metal Cover

. FM Multiplex Autodaptor MX99 @atent Pending)

Kit $39.95 Wired $64.95 Incl. FET Cover Optional $2.95

. FM-AM Stereo Tuner ST96

Kit $89.95 Wired $129.95 Incl. Metal Cover & FET

. Transistorized Stereo/Mono 4-Track Tape Deck RP100

Semi-Kit $293.95 {Patents Pending)
(Tape transport assembled & tested; electronics in kit form)
Wired $399.95

(Handwired throughout by skilled American craftsmen)
Carrying Case $29.95 Rack Mount $9.95

100-Watt Stereo Dual Power Amplifier HF89A

Kit $99.50 Wired $139.50 Enclosure E8 $4.50

Slim 3-Way Speaker System HFS6

Kit $52.50 Wired $62.50

. 12-Watt Integrated Amplifier HF12

Kit $34.95 Wired $57.95 Incl. Metal Cover

Stereo Dual Preamplifier ST84
Kit $59.95 Wired $89.95 Incl. Metal Cover

28 CIRCLE NO. 110 ON READER SERVICE PAGE

www americanradiohistorv com

©1963 EICO Electronic Instrument Co., Inc.
3300 N. Blvd,, L.I.C. 1, N.Y.

O Send FREE 32-page catalog &
dealer’s name

[0 Send FREE booklet "*Why Stereo'’

|

|

[

|

I

: [0 Send new 36-page Guidebook ta
1 HI-FI1. Enclosed is 25¢ for post-
1 age & handling

[

I

I

i

[

[

I

Name

Address.

City.___ Zone___State
Add 5% in West
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Carefully controlled shock can facilitate medical
diagnosis, treat diseases. and save lives. The
techniques and electronic circuits are described.

By ED BUKSTEIN /Author “Medical Electronics”
3 CCIDENTAL electric shock is an experience which at best is

annoving and at worst is fatal. [t is regarded with teelings rang-

ing from mild apprehension to pure abhorrence. This is fortu-
nate because it encourages a cautious attitude and a deep respect for
things electrical. Nonetheless, electric shock can be both intentional and
beneficial. Under the supervision of « skilled physician, amperes can be
as uselul as antibiotics. Caretully controlled electric shock can facilitate
medical diagnosis, treat diseases, and save lives.

Eleetrie Shock Therapy

Perhaps the best-known use of electric shock in medicine is its em-
plovment for the treatment of mental disorders. As an alternative to
insulin shock and other forms of chemo-therapy, electroshock offers the
advantages of being easily and accurately controllable. The treatment,
sometimes reterred to as electrical conculsant therapy (ECT), is accom-
plished by means of electrodes, one on cach side of the patient’s head.
The electrodes are moistened with a conductive paste to improve the
electrical contact, and a sine wave of current is passed through the brain.
Currents up to several hundred milliamperes are emploved, and treat-
ment duration is generally in the range of .1 to I second. A.c. voltages
over a range ol 70 to 170 volts are commonly used.

A tvpical circuit of a shock-therapy unit is shown in Fig. 1. Treatment

ELECTRIC SHOCK
ON PURPOSE
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X-ray view of implanted pacemaker, which stimulates the
heartbeat. The large circular areas are the mercury cells that
operate the two-transistor (smaller circular areas) circuitry.

Fig. 1. Time-delay circuit con-
trols duration of shock impulses.
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current is adjusted by means of a switch that selects one of
several available taps on the transformer. A time-delay cir-
cuit controls the duration of the treatment, which com-
mences when the treatment push-button is depressed. At
this time capacitor C begins to charge from the B-supply,
and the resulting voltage drop across resistor R drives the
tube grid positive. The relay therefore energizes and com-
pletes the circuit from the transformer to the patient. As
the capacitor continues to charge, the voltage drop across
R gradually decreases and ultimately allows the relay to de-
energize. The relay contacts now open to terminate the treat-
ment.

Several values of resistance are available so that the time
constant of the charging circuit can be changed. In this
manner the treatment duration can be preset. When the treat-
ment is finished, as indicated by extinction of the glow in the
neon indicator, the operator releases the push-button. The
back contact of the push-button now discharges the capacitor
through a small resistance, preparing the instrument for the
next patient.

Sudden application of voltage to the patient causes muscu-

30

kur contraction which may be so severe as to cause sprains,
dislocations, or even broken bones. The sudden contraction
can be prevented by allowing the treatment current to build
up gradually as indicated in Fig. 2. Known as glissando, this
mode of treatment is achicved by means of the spring-wound
potentiometer in Fig. 1. Before the treatment is started.'the
shaft of the potentiometer must be advanced to its extreme
(minimum output) position. This action winds the spring.
Through a mechanical linkage, the spring is released when
the treatment button is depressed. The spring now drives the
potentiometer shaft to its opposite extreme, gradually in-
creasing the magnitude of the treatment current. A safety
interlock switch is mounted on the potentiometer to prevent
treatment until the potentiometer spring has been wound.

Electrodiagnosis

Late in the eighteenth century, Luigi Galvani discovered
that a frog leg could be made to twitch by bringing it into
contact with two dissimilar metals. Although the reason for
this was not known at the time, we now know that the twitch
resulted from electrical stimulation of the nerve and muscle
tissue (the dissimilar metals functioning as a battery). This
discovery established the basis for modern electrodiagnostic
techniques. Today, electrical stimulation is employved to pro-
duce muscular contraction for the purpose of testing the
muscle and its nerve supply. Both direct and alternating cur-
rents are used for muscle stimulation, the former are known
as galcanic and the latter as faradic currents. Various wave-
shapes, referred to as modalities, are illustrated in Fig. 3.

Galvanic current is obtained from a conventional rectifier
circuit of the type commonly used for B-supply. A mechanical
interrupter such as a vibrator may be connected in series
with the output to produce pulsed galvanic current. The
surging galvanic modality is the unfiltered output of the
power supply and is produced by opening a switch that
disconnects the filter capacitors. Faradic current is generated
by periodically interrupting the current flow through the
primary of a transformer. As shown in Fig. 3, a vibrator is
used to alternately make and break the primary circuit,

Still another modality consists of a 60-cps sine wave that
is amplitude modulated to make it less painful to the patient.
The modulation is produced by a motor-driven potenti-
ometer.

Diagnostic currents are applied to the patient through
metal electrodes moistened with an electrically conductive
paste. The active electrode is positioned over the muscle to

Components of transistorized muscle activator. Device produces
pulses that activate leg muscles, enabling wearer with seri-
ous motor nerve damage to wak almost in a nor. .al munner.
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Fig. 2, Glissando eliminates severe muscular contractions.
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Fig. 3. Waveforms employed for nerve and muscle stimulation.

be tested. and the lurger dispersing electrode is placed else-
where on the body. The active clectrode is smaller in area
than the dispersing electrode so that current flow will be
concentrated in the region of the mmscle heing tested.

Direct current (galvanic) will canse a muscle to contract
if the current is sufficient in hoth amount and duration. The
niinimum current required to prodice contraction is known
as the rheobase value. The minimum duration required with
a current twice rheobase is known as the chronaxie value.
Chronaxie measurement is useful diagnostically because an
increase in this value indicates degencration of the nerve
supply to the muscle.

Steady galvanic current produces contraction only briefly
when the current is first applied. Interrupted (pulsed) gal-
vanic current, however, produces a condition of sustained
contraction. The muscle remains contracted because there
is insufficient time for it to relax between successive pulses
of stimulating current. If a muscle fails to respond in this
manner, an increased chronaxie value is indicated (the
muscle cannot contract within the duration of each pulse of
stimulation). The same test can be performed using faradic
rather than pulsed galvanic current.

Sawtooth stimulation is also useful diagnostically. Iealthy
tissue will not respond to the slowly rising current—a charac-
teristic known as accommodation. Denervated muscle how-
ever, cammot accommodate and therefore contracts in response
to the sawtooth stimulation. On this basis, the diagnostician
can determine whether the nerve supply to a muscle is intact
and functioning normally. An advantage of the sawtooth
waveform is that it elicits response from injured but not from
normal tissue. Contraction of the denervated muscle is there-
fore not obscured by contraction of adjacent healthy tissne.
A further advantage of sawtooth stimulation is that it is less
paiuful because the sensory nerves also possess the property
of accommodation.

Sawtooth stimulation is usually obtained from a thyratron
relaxation oscillator similar to those which were once popular
as sweep generators in oscilloscopes. A typical circuit s
shown in Fig. 6. Capacitor C in this circuit charges from the
B-supply until the voltage across it is sufficient to ionize the
thyratron. The jonized gas now provides a low-impedance
discharge path for the capacitor. When C has discharged to
the de-ionization potential of the thyratron, the gas de-ionizes
and C begins to recharge. The slow charge and rapid dis-
charge of the capacitor produce the sawtooth output. Saw-
tooth frequency can be controlled by varying either R or C.
The capacitor-selecting switch is a coarse step control, and
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variable resistor R is used as the fine continuous control.

Electrical stimulation is useful for treatment as well as
diagnosis. Electrotherapeutic current, for example, is used
to exercise paralyzed (denervated) muscle. The nerve supply
may eventually regenerate and reguain control of the muscle,
but until this happens the muscle must be artificially stimu-
lated. Without such exercise, the muscle will atrophy from
prolonged inactivity.

Cardiac Resuscitation

Cardianc arrest is a medical emergency that demands im-
mediate attention. If normal or near-normal heartheat is not
restored within a matter of minutes, the condition is fatal.
The cardiac arrest may take either of two forms: fibrillation or
standstill, Fibrillation is a condition in which the heart muscle
goes “out of syne,” that is, the muscle fibers contract at ran-
dom rather than in a coordinated sequence. The heart there-
fore loses its effectiveness as a pump for forcing the blood
throngh the circulatory system. Cardiac standstill is a condi-
tion in which the heart muscle does not contract at all.

Cardiac fibrillation is treated by shocking the heart elec-
tricallyv. As a result of this shock, all of the muscle fibers of
the heart contract simultancously, This leaves the heart in
a condition of standstill from which it may recover spon-
tancously or may be triggered by a pulse generator. The in-
strament emploved to shock the heart out of fibrillation is
known as a “defibrillator.” By means of a pair of electrodes as
shown in Fig. 7, 60-cps current is passed through the heart.
Currents as high as 15 amperes may be emploved if the
electrodes are applied to the surface of the chest. Less cnr-
rent is required if fibrillution occurs during cardiac surgery
because the electrodes can then be applied directly to the

Fig. 4. Subcutaneous
extension of Char-
dack - Greatbatch
pacemaker termi-
nates just below skin
and can be reached
through a fairly
simple emergency in-
cision. The resistor in
the extension can be
shorted out to in-
crease pulse ampli-
tude if required or to
permit an external
pacemaker to be con-
nected. Although the
circuit has been
shown at the left for
the sake of clarity,
the terminals and re-
sistor are actually
contained in pigtail
extension at bottom.
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Fig. 6. A relaxation oscillator for sawtooth stimulation.

Fig. 7. Application of external defibrillator electrodes.

Fig. 8. (A} Blocking oscillator generates pulses used to trig-
ger the heartbeat. (B) Circvit diagram of the two-transistor
pacemaker, a device which is surgically implanted in patient.
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heart. Shock duration is in the range of .1 to .3 second and
is controlled by a time-delay circuit.

The defibrillator shown in the photo is designed for both
closed-chest and open-chest cardiac resuscitation. Output
voltage can be set by means of a front-panel control to 120,
240, 360. 500, 730, or 1000 volts. Another front-panel control
permits adjustment of shock duration to .15 or .30 second,
or to manual control which permits the operator to control
the shock duration by means of a push-button. An auxiliary
foot-switch can be connected to the unit and used instead of
the front-panel push-button.

Cardiac standstill is treated by stimulating the heart with
a pulse generator known as a “pacemaker.” Each pulse causes
the heart muscle to contract, allowing the heart to regain a
normal rhyth. Pulse diration is generally in the range of
2 to 4 milliseconds, and pulse rate is adjustable from 20 to
200 pulses per minute. A representative circuit employing a
blocking oscillator is shown in Fig. 8A. Output is coupled
from an additional winding on the blocking-oscillator trans-
former. A potentiometer between this winding and the elec-
trodes permits control of pulse amplitude.

Implanted Pacemaker

In addition to its use for emergency treatment, the pace-
maker is emploved on a continuous basis for long-term cor-
rection of heart block. Such block may occur following cardi-
ac snrgery, coronary thrombosis, or in patients with Stokes-
Adams disease.

Earliest efforts to apply electronic “pacemaking” to such
patients involved an external pacemaker and external clec-
trodes strapped to the chest. This technique, however, re-
quires considerable output power from the pacemaker and
therefore necessitates a physically large instrument. Bv con-
trast, only a few milliamperes of stimulating current are
required if the clectrodes are placed directly on the heart.
This consideration led to the use of an external pacemaker
in conjunction with internal (implanted) electrodes. By
means of leads passing through the chest wall the external
pacemaker is comnected directly to the patient’s heart.

A serious disadvantage of this technique is that infections
occur frequently at the site where the leads pass through the
chest wall. To overcome this problem, a system emploving a
radio link has been developed. A small, external transmitter
is pulsed on and off at the desired heartheat rate, and this
signal is picked up by a small receiver previously implanted
in the patient. Outpnt leads from the receiver carry the stimu-
lating pulscs to electrodes in contact with the heart. Although
the technique eliminates the need of through-the-chest con-
necting leads, it still requires the use of external equipment.

The obvious next step was the development of a completely
internal pacemaker meeting the requirements of small size
and long life expectancy, Such a unit could be surgically im-
planted in the patient and connected to electrodes in contact
with the heart. A two-transistor circuit employving miniature
components is shown for such a device in Fig. 8B. The first
stage is a blocking oscillator that develops pulses of proper
duration and repetition frequency, These pulses are directly
coupled from the emitter resistor of the first stage to the base
of the second stage. The second stage is a grounded-emitter
amplifier whose output is applied to the hewt electrodes.

The Chardack-Greatbatch pacemaker shown in Fig. 4 is
a self-contained, implantable mnit that weighs only 8 ounces.
Including its battery of ten mercury cells, the pacemaker is
6 centimeters (2'3”) in diameter and 1.5 centimeters ()
thick. Life expectancy of the batterv supply is estimated at
five vears. This instrument produces output pulses of 2-nulli-
seconds duration in the frequency range of 30 to 60 pulses
per minute. Output rating is 10 milliamperes into a 1000-ohm
impedance, which is well above the stimulation threshold
(typically 3 to 5 milliamperes). The entire pacemaker assem-

(Continued on page 97)
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DIGITAL READOUTS

Though you can “see” a voltage on an oscilloscope, there is always
the chance of an interpretation error. These devices will convert
signals directly to numbers or letters eliminating all ambiguity.

By WALTER H. BUCHSBAUM, Industrial Consultant, ELECTRONICS WORLD

NE OF the unfortunate aspects of electronics is that
O all sigmals are invisible. We can sce the results of
an electric current when it is converted into me-
chanical motion, or into light, but special devices are needed
to change signals into directly readable form, Though this
consideration is important when testing and troubleshooting,
it becomes a much greater problem with clectronic data-
handling machines and computers. There are many important
applications ranging from digital voltmeters to stock-market
quotation and airline flight-reservation boards in which mmm-
bers and letters must be displayved.

One advautage of a number or letter indication over a
meter indication is that a reading error is less likely. Another
is that evervone sceing the number knows exactly what is
meant without ha\'ing to interpret a meter scale, or WOorry
abont parallax and scale-factor errors. This is particularly
important when the electronic system is used to display in-
formation to the general public in applications such as pari-
mutuel betting or bowling score announcements. Readouts
are also widely used in industrial electronics.

Just as the applications vary so do the types of readouts.
There are some that display all letters of the alphabet as well
as numbers, called alpha-numeric tvpes, but the vast majority
simply show the numbers 0 through 9 and possibly symbols
such as + or —. From a technical viewpoint, all rcadonts
can be divided into three major categories according to their
operating principle. In the electro-mechanical group, the elec-
trical signal is converted into mechanical motion which turns
a drum or tape to display the desired character. Another cate-
gory is called optical because the signal actuates lights. The
third group consists of devices that combine mechanical and
optical action. Within each category there are variations, too.
depending on construction, driving signals, operating speed,
and input codes.

Optical Readouts

The basic optical readont is the pilot light with a number
painted on the lens. When large numbers are displaved. the
pilot lights take up a lot of room and reading the full number
is cumbersome and inconvenient. It would be simpler if the
pilot lights for each decade conld be behind cach other; this
is the principle of the edge-illiminated, engraved numbers
shown in Fig. 2. Ten small lamps are located above each of
the ten pieces of Lucite. When a lamp is on, only its associated
Lucite plate is edge-illuminated and its engraved numeral
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displayed. The numerals on the other Lucite picces can barely
be seen; since they are not illuminated they appear only as a
slight Dlur. As numerals are switched, they appear to travel
hack and forth due to the positioning of the Lncite plates
behind one another. This type of numerical readout is found
primarily in digital voltmeters and other test equipment as
well as i some older computer accessories. Servicing con-
sists of simply replacing bulbs which are located either at the
top or bottom of the readout assembly. If a Lucite plate has
become warped or cracked, a replacement can simply be in-
serted in the correct slot.

Similar to the edge-illuminated readout shown in Fig. 2 is
one which General Radio Co. imports from England and
installs in its equipment. In this “Numerick” unit the indi-
vidual Tamps are at the rear and the Lucite plates are ar-
ranged in a series of nesting U's. Instead of engraving the
numerals as smooth lines, the English supplier, KMG Elce-
tronics, forms the nmmerals with a series of small dots, pre-
sumably for better visibility. To avoid interference between
parallel Lucite plates, thin sheets of opaque reflecting mate-
rial are placed between the plates except at the viewing
window.

A refinement of the Lucite “in-line” readont is the Bur-
roughs Corp. “Nixie” neon indicator shown in Fig. 1. Here,
the principle of cathode glow, familiar in neon lamps, causes
one of ten cathodes shaped like a numeral to glow. As in the
case of the Lucite readout, the nmimerals not illminated can
be seen, but in the “Nixie” the glowing mimber is so bright
that the others are practically invisible. Another advantage is
that the nimerals are so close behind each other that the illn-
sion of the motion of numbers is greatly minimized. Recent

Fig. 1. Numeral in “Nixie" tube is glowing cathode as in neon lamp.
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Fig. 2. Numerals are engraved on Llucite that is edge-illuminated.

Fig. 3. Projection readout is combination of small slide projectors.

versions of the “Nixie” have been designed for greater viewing
angle md there are even some available in semi-rectangular
envelopes to permit closer spacing. “Nixies” are available
in a wide range of sizes and, accordingly, in a range of dif-
ferent voltages. Numeral sizes range from 0.3” high to 2”
high. Operating voltages range from 120 to 300 v. between
cathode and anode.

Actual firing and extinguishing voltages vary. Of particu-
lar interest are the low-voltage “Nixies,” which are available
in combination with transistors under the trade name “Trixie,”
that enable a transistor circuit to drive the “Trixie” divectly.
Althongh transistors cannot switch the entire firing voltage, a
serics resistor (R, Fig. 5) forms a voltage divider with the
transistor which operates as a switch to light a particular
numeral. “Nixies” usually are reliable but have a limited life.
Numerals get dim, don’t light up at once, flicker, or only part
of a number glows. The only remedy is veplacement, which
is simple since thev plug into a socket.

A readout that presents a single-place indication is the
projection tvpe availuble from Industrial Electronic Engi-
neers, Ine. and shown in entaway view in Fig. 3. It is simph
a compact arrangement of individual transparency projectors,

Fig. 4. Solenoid-driven readout is used
in stock quotation and reservation boards.

g Er )

Fig, 5. With this drive circuit, ‘‘Nixies™
can be used with transistorized equipment.

all focused on the front screen. In addition to numerals, any
combination of words, colors, and symbols can be obtained
by this method since separate lamps, transparencies, and
lenses are used for each letter, word, or numeral. Projection
tvpe readouts are available in character sizes from %” to 3%”
and units can be stacked alongside or above each other prac-
tically without limit. Access to the lamps is from the rear by
means of a quick-disconnect, spring-loaded plug assembly.
Servicing is not a problem since the only defect can be in the
lamp and the circuit driving it. The optical portion is effec-
tively sealed and trouble-free. Because the lamps require a
fair amount of power, projection-type readouts are usually
driven by relays rather than directly by transistors.

Another tvpe of one-plane readout prodnces the characters
by combining individual segments, each of which is illumi-
nated separately. In Fig. 6 the numeral six is formed by six
separate neon bulbs, each shining through a slot, whose
combined illuminated areas form the desired letter. Behind
the optical portion are a number of resistors which make up
the matrix necessary to light the right scgments for each
numeral. Variations of the 1.D.E.A., Inc. model shown here
range in size from %” to 10” high and vary in complexity
from the seven-stroke version for numerals to a sixteen-seg-
ment arrangement which shows both letters and numerals.
This tvpe of readout has the advantage of reliability since
only the neon lamps can get dim and they are easily spotted
and replaced. The matrix resistors generally do not fail be-
cause little power is dissipated by them. Power requirements
range from 1 watt at 150 volts for the smallest to 1.2 watts
at 200 volts for the largest unit. Driving signals usually go
through relays rather than transistors or tubes.

Bused on the same method of making up symbols from
basic lines is another type of optical readout which employs
electroluminescence to generate the light (Fig. 7). The front
of the glass-and-phosphor sandwich contains a transparent
conducting coating while the back has conducting strips in
the shape of individual segments. Each of the rear segments
has a separate terminal. The a.c. is applied between the
conducting front coating (“transparent conductor”) and the
desired segments (“conductor segments”) to produce a nu-
meral or letter. These electroluminescent readouts are already
in use in some counters and digital voltmeters and many
other applications are planned. Sylvania, Westinghouse, and
RCA make them. Because a velatively large a.c. potential
(200 volts is a typical value) is required, this type of readout
is usually driven cither by tubes or relays. Troubleshooting
consists of replacing the entire unit since it is a complete,
scaled-in-glass assembly.

Electro-Mechanical Readouts

The next method of displaying numbers is by rotating a
drum or belt on which numbers and letters have been printed
until the desired character appears at a window. That is how

Fig. 6. Numeral is formed by neon lamps
whose light penetrates individual slots.
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Fig. 7. Electroluminescent readout needs high a.c. driving voltage.

all electro-mechanical readouts work, but details on how
to stop the right character in front of the window, merit some
discussion. One of the most widely used readouts is shown in
Fig. 4. This Teleregister unit, available in various sizes. is
used on stock market quotation boards, airline reservation-
status hoards. and in many other data systems. The immeral
drum is driven by a ratchet drive from the solenoid at the
rear of the unit. A printed-wiring commutator is mounted on
the drum and contacted by stationary brushes that transfer
the solenoid circuit to an external control circuit. When the
cirenit is opened, a number of pulses cause the solenoid to
rotate the drim until it reaches a blank position at which
time the commutator shuts power off. Troubleshooting this
mnit requires mechanical ingenuity and a familiarity with re-
lays and stepping switches. The most likely defect is either
contact trouble or else a broken connection, spring, or de-
fective contact.

A more complex readout is the Union Switeh and Signal
Co. scries, two of which are shown in Fig. 8. The shorter unit
displays numerals by means of a drum and the longer model
uses a flexible metal tape to display up to 64 characters. Both
units are driven by a very precise mechanism and are capable
of accepting binary information to produce a display of num-
bers or letters. The lower illustration shows the internal view
of the drum-type numeral indicator. One-half of the assembly
contains a special, flat d.c. motor which drives the numeral
drum through a worm-gear arrangement. A binary coded
printed wiring commutator is part of the drum. The other half
of the assembly contains the brushes for the commutator and
printed wiring to bring the brush connections to the plug-in
socket at the rear of the indicator. A four-bit hinaryv-code in-
put connects power to the motor until the drum and its com-
mutator are in the correct binary code position, which also
corresponds to the decimal number to be displayed. At that
position power to the motor is shut off. In the case of the
G4-character version the tape passes over two drums, one in
front and one in the rear, and each of these drums has a com-
mutator and a set of brushes, providing the required 6 bits
of binary code for 64 positions. Huminated versions of this
readout are also in use and contain a very small bulb behind
the rim of the numeral drum. The drum rim is made of trans-
parent plastic permitting light to pass through.

Troubleshooting this readout can be quite complex since
poor brush contact, excessive friction, and other defective
contacts and wiring may be hard to locate in the compact
assembly. The motors are quite small and delicate so that
failure of the motor itself should not be ruled out. Like the
Teleregister unit shown in Fig. 4 this readout uses consider-
able d.c. power and is generally driven through relay con-
tacts.

An entirely different type of electro-mechanical readout is
Patwin’s “Magneline” indicator shown in Fig. 9. In this unit
the numeral drum is part of the armature of a ten-pole d.c.
motor. A small permanent magnet, shown in Fig. 10, is at-
tached to the large numeral drum. Stationed around the mag-
net are ten electro-magnets, like the stationary poles of a
d.c. motor. When two opposite coils are energized, the per-
manent-magnet armature and the numeral drum attached to
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«owill turn to ine up the magnet. it v oower is removed,
the residual magnetisi in the soft iron pole and the perma-
nent magnet itself will be sufficient to nmintain the drum’s
position until another set of poles is energized. The typical
value of power required to energize the coils is 200 ma. at
6 v. d.c. Relays are usually used to translate from the machine
data code to the decimal switching selection required here.
Troubleshooting is simple hecarse there are no moving con-
tacts. It is only necessary to measure the resistance of each
of the ten field coils to find electrical defects. Short of excess
friction or a broken drum, very little can go wrong mechan-
icallv.

Another version of the multi-pole d.c. motor drum readout
is the new A.C.E. Co. Model SV-1 shown in Fig. 12, It is
basically the same as the “Magneline” unit except that the

(Continued on page 66)

Fig. 8. Top: 12 (leftl- and 64 (right)-character readouts. Exposed
view below shows drum of smaller unit. Larger uses flexible tape.
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DEVELOPMENTS |

RECENT

IN
ELECTRONICS

A Ultrasonic Transducer

Ultrasonic energy is being used to measure pulsaticns and
movements of blood vessels and organs deep within the human
body. In operation, a series of ultrasonic pulses from the trans-
ducer shown are directed in a narrow beam in the direction to
be viewed. Measurements are made of the amount of time for
an echo to return as well as its amplitude and phase. The differ-
ent acoustic impedances of biologic structures produce the
echoes. The bottom illustration is a recording of pressure in a
neck artery as seen on a unit developed by Sonomedic Corp.

< New Color Tube Plant

Rows of color TV picture tubes travel along a special conveyor
at RCA's new Marion, Ind. production plant. During this opera-
tion, a glare-proof window is bonded to the face of the tube. The
window eliminates the need for an external safety glass in the

TV set.

TV-Viewed Microsurgery >
A new closed-circuit TV system, demon-
strated at the New York Polyclinic Hospital,
enables as many as 30 doctors to study
microsurgical procedures at the same time.
A 1%-lb. TV camera, developed by DuMont,
is mounted directly on the barrel of an op-
eration microscope. Procedures as seen by
the surgeon through the microscope are re-
produced, greatly enlarged, on the TV
screen.

< Semiconductor Crystal Laser

A tiny semiconductor crystal suspended inside a glass container
filled with liquid nitrogen is being used here to generate a beam
of coherent infrared light. The laser beam is produced when
large amounts of electric current are passed through the semi-
conductor junction. The nitrogen is used for cooling the device.
The new laser, developed at General Electric Laboratories, does
not require pumping by means of a light or r.f. source. Instead,
large pulses of current directly inject electrons and holes into
the junction region of a tiny diode made of gallium arsenide. The
directional beam is emitted from the junction-plane edges at
two carefully polished and precisely paraliel sides of the device.
The crystal heart of the new laser is approximately cube-shaped,
each edge measuring about one-third of a millimeter.

ELECTRONICS WORLD
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Super-Power Klystron

A new method of focusing the electron beam in high-power
klystrons was described by Sperry engineers. The klystron mi-
crowave amplifier shown produces 22 megawatts of energy
using a permanent magnet (keg-like object at left in photo) for
beam focus rather than an electromagnet that has been stand-
ard in the industry for 15 years. This was the first time such
high power had been attained using this technique. Permanent
magnet focusing previously had been limited to amplifier tubes
producing only thousands of watts of power. Normally, the mag-
net girdles the middle of the tube, being located between the

top of the cathode and the base of the output waveguide.

Experimental Transistor Microphone >
A new type of microphone that acts as its own amplifier has
been developed by Bell Telephone Labs scientists. The mike is
at least four times more sensitive than the carbon telephone
transmitter, the most sensitive microphone now in use. The unit
can be made very small and light—about the size of a tiny but-
ton—and has many potential applications. its main parts are a
diaphragm, a sapphire stylus, and a junction transistor. Sound
waves vibrate the diaphragm, move the stylus back and forth.
The stylus bears against the transistor and causes the junctions
resistance to change in step with the signal. This results in a
varying current in the base-emitter circuit; an amplified signal
is obtained in the collector-emitter circuit. The transistor mike
uses 20-100 times less current and has up to 100 times the
efficiency of a typical carbon microphone.

February, 1963

< 300-foot Radio Telescope

The world's largest movable radio telescope has
been put intc operation at the National Radio As-
tronomy Observatory, Green Bank, West Va. The
huge telescope has an antenna with a 300-foot
diameter; its feed point is 225 feet from the ground;
and its total weight is 600 tons. Known as a “trans-
it” telescope, the parabolic reflector can be
moved in a north-south direction only. Reception
is possible on 750 and 1400 mc. simultaneously.
Received data is automatically recorded on paper
charts or punched at high speed onto tapes for sub-
sequent analysis in a computer. Among the first
objects to be studied is the planet Jupiter, a strong

=% radio-wave emitter.

“Conveyorized Electronic Oven

A conveyorized electronic oven, capable of heating
hundreds of meals an hour from a frozen state to
hot, has been demonstrated recently. The unit is
equipped with five 2-kv.. magnetrons, four above the
conveyor belt and one below it. The oven will re-
heat as many as five individual meals abreast in
their packages, all in a matter of minutes. Originally
designed by Phillips, the unit is being manufac-
tured and marketed in this country by S. Blickman,
Inc.
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HI-F1
LOUDSPEAKER
CONES

By CHARLES L. McSHANE / Chief Engineer, Cinaudagraph Acoustical Labs

We know one speaker sounds different from another and we
are beginning to understand why. Here are some design
and construction variations that produce such differences.
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Fig. 1. Performance of a 10-inch loudspeaker. (Area A) Output determined by simple mass-compliance resonant circuit. Entire
cone moves in phase. (Area B) Mass-controlled range. Output dependent on moving-system mass, air coupling, and motor ef-
ficiency. Entire cone moves in phase. Output may be modified by broadened resonance "Q." (Area C) Radial nodal action
superimposed on piston movements of cone. May become severe enough to cause subharmonic ‘‘cone cry." (Area D) Edge resonance
effects may be controlled by design of edge suspension; more severe when suspension is wide with many folds. (Area E) Increased
output after edge hole modified by heavier voice coil, shallow curvilinear cone profile, apex decoupling rings, and other cone stock.
The various sections of the loudspeaker cone are seen to move independently of each other as indicated by nodal patterns.
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O a large degree the performance of any hi-fi svstem

is influenced by the behavior of the cones used in

the speakers. The measured response characteristics
as well as the subjective listening quality of a speaker or
speaker system may be largely determined by such things
as the cone shape, the paper pulp formulation, and the
placement of stiffening body ribs and rolls. The speaker de-
signer must select from a large number of varying cone paper
pulp formulations as well as die configurations.

A mathematical analysis of a vibrating disc may be ob-
tained from classical physics texts, but the vibrating conical
shell or “cone” has thus far eluded theoretical treatment. An
electromechanical analogy that purports to represent the
mechanical stiffness, mass, and frictional losses of a loud-
speaker mechanism can only be considered valid for low
and middle frequencies. At higher frequencies smaller seg-
ments of the cone move independently and form innumer-
able mechanical resonant circuits, In general, the mode of
vibration and mechanical “Q” of these circuits produce the
characteristic timbre or “tone quality” of any loudspeuker.
The speed of sound in the paper pulp and its characteristic
internal dissipation may be varied over a wide range in order
to control mechanical “Q’s” and influence nodal modes.

It is the purpose of this article to discuss from a practical,
intuitive viewpoint some of these fundamental problems.
Among them are the following: (1) some of the more fa-
miliar vibrational phenomena associated with cone behavior;
(2) methods the speaker designer uses to control and “shape”
the over-all response characteristics of a speaker; and (3)
the theoretical and practical requirements of modern high-
compliance woofers.

While a great deal of material discussed here has been
covered in depth in acoustical texts by Ravleigh, Morse, Me-
Lachlan, Olson, and others, it is felt that a non-mathematical,
simplifiecd treatment would be of particular interest to the
audiophile who may only want to know why one loudspeaker
sounds different from another and some of the constructional
details that make these differences.

A “felted” paper cone is manufactured by a flotation
process in which paper pulp and water are drawn through
an aluminum or brass screen. This is accomplished by a
variable vacuum, which may be adjusted for both pressure
and time. The screen is made from perforated alominum or
brass stock, which is spun to the precise shape of the cone.
The deposit of pulp left on the screen is the embryonic cone.
Variations of vacuum pressure, the time cycle, and the thick-
ness of the pulp and water mixture in the tank produce
varying characteristics. Further elements in controlling paper
pulp characteristics involve the method of removing the wet
cone from the screen, waterproofing treatments, and drving
methods. For example, the use of a hot pressing die to force-
dry the cone compresses the fibers and gives a characteris-
tically lower internal dissipation, more pronounced nodal
activity, and “peakier” response.

Typical Cone Behavior

Figure 1 shows a sound pressure versus frequency-response
graph of a commercial ten-inch loudspeaker. While this
speaker in no way represents what we would call “high fidel-
ity,” the behavior of the cone is typical in some wavs of all
cones. The measurements were taken in an anechoic cham-
ber, substantially free of reflections down to about 70 cps.
The microphone was placed 18 inches away from the speaker
on its axis. The speaker was mounted in an infinite baffle
large enough to avoid raising the bass resonance.

The major response variations are indexed by letters which
are keved to the nodal pattern illustrations. Notice that the
first discernible nodal patterns begin at a frequency almost
three octaves above the major moving system bass resonance.
Below this frequency output may be calculated on the basis
of a simple electro-mechanical analogy. The rise in output at
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Fig. 2. Construction features and their effect on response.

Identical speaker cone dies may produce a variety of charac-
teristics through variations in pulp stocks. Cone on top is
soft, wooly stock with die marks less apparent. Cone at bot-
tom is considerably harder in finish with more compressed fibers.

resonance (area A} will be determined by the mechanical
“Q” of the moving system. Mathematically, speaker “Q” is
defined as “Q” = 27 f.M/R, where f. is the main bass reso-
nance frequency. The components Af and R are simplified
representations of the combined moving-system mass (in-
cluding the cone and voice coil) and the lumped resistive
losses including air loading, radiation resistance, magnetic
damping, and various mechanical viscous losses in the speaker
and enclosure.

If the cone mass is increased, and assuming everything
else remains the sane, the “Q” will increase. This means
greater cone excursion at the primary bass resonance.

The available magnetic gap energy affects three acoustical
elements: (1) mechanical “Q” at the bass resonance and the
shape of the voice-coil velocity curve; (2) output in the
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Moided fabric edge suspensions employed in high-compliance,
long-throw woofer designs. After assembly, fabric is treated
with rubber or viscous compound to seal interstices of fabric.

TOP PLATE ———

VOICE-COIL WINDING VOICE- COIL WINDING
OVERHANGS MAGNETIC SHORTER THAN
GapP GaP

- POLE PIECE

R, «
-

CHAMFER

Fig. 3. Construction at left shows moderate voice-coil diam-
eter, long axial winding. There is a constant ratio between
flux lines and voice-coil wire during long excursion. Con-
struction at right shows a larger voice-coil diameter along
with a shorter axial voice-coil winding and deep magnetic gap.

Modern high-compliance woofer speaker using loop-type annu-
lus and overhanging voice-coil design. Unit is typical of
the loudspeakers used in present-day compact speaker enclosures.

piston band; and (3) output in the bass range and the balance
between hass and mid-range.

Above resonance in area B it is assumed that the cone
executes simple piston-like moveinents with all parts of the
cone moving in phase. The response curve shape is deter-
mined by the degree of control exerted over the bass reso-
nance (as discussed above), and by the mass of the moving
systern versus the electrical drive and motor efficiency.
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In area C, output is reduced because the cone is vibrating
out of phase in several areas. There are four or six nodal
lines on the cone. These lines extend radially and separate
several sections of the cone, each vibrating out of phase with
the adjacent area. Radial nodes are associated with bending
of the cone material in its weukest area near the edge. Deep
straight-sided cones seem particularly prone to radial node
activity. The design of the edge suspension also influences
radial break-up. Edge dissipation of circumferential or radial
nodes plus the suspension stiffening effect are significant
factors in this response arca.

Complete elimination of this type of node is most difficult.
The more obvious and violent manifestations of this include
subharmonic “cone cry,” which can he eliminated by judi-
cious selection of cone shape, pulp, and reinforcing body ribs.
However, low-grade variations of these nodes may exert a
subtle influence even in the middle bass range. These varia-
tions may involve only the outer area of the cone, and may
be described as “edge flapping.” They are prevalent in high-
compliance woofer designs. A sound pressure response graph
may or may not indicate their presence, but during violent
cone excursions they may be observed under a strobscopic
light through the use of lycopodium powder.

The next major response variation (area D) is associated
with the design of the edge suspension. If the edge suspension
is wide with many folds in order to provide maximum cone
movement for the bass frequencies, its own acoustical in-
fluence will be felt. In our commercial ten-inch speaker there
are two edge rolls, and the suspension is about % wide and
weighs 2.3 grams. The total cone mass is 6.30 grams. It can
be readily seen that the edge suspension (accounting for
about a third of the total cone mass) is likely to exert a signifi-
cant influence on response,

Middle and Higher Frequencies

At frequencies above 370 cps the cone moves in phase out
to the point where the paper bends in order to form the first
edge roll. At this point a rolling action, involving only the
small section separating the cone piston area from the edge
suspension causes a rise in acoustical output between 450 and
600 cps. The voice coil suddenly “sees” a reduced mechanical
driving point impedance and the apex area is driven inde-
pendently. The response hole after the peak occurs because
the edge suspension moves out of phase with the piston area
of the cone. The depth, width, and frequency of the edge
lole is determined by the weight and compliance of the
individual rolls comprising the edge suspension. In general,
a compliant cone with many folds or rolls produces a more
severe edge hole. Often a viscous fluid is applied to the edge
suspension to eliminate or minimize the cffect. However, such
fluids may introduce viscous resistivity and mass that reduce
efficiency. A broad, but not too severe edge hole may some-
times be desirable, A “swayv-back” curve with the 1000- to
2000-cps area depressed by perhaps 4 db provides a “mellow”
effect that may compensate for limitations in amplifier and
enclosure construction.

Response in area E is the key to maintaining a desired
listening effect for any loudspeaker. The energy balance in
this range makes the speaker sound either “harsh,” “bright,”
“soft,” or “mellow.” To a large extent the designer can select
the type of response he wants. Mechanically the controlling
elements include: (1) voice-coil size; (2) the ratio between
voice coil and cone mass; (3) cone shape and pulp stock; (4)
cone body decoupling or stiffening rings; and (5) the dissi-
pation characteristics of the annulus-suspension (the amount
of acoustical energy traveling out to the cone edge that is
reflected back into the cone versus the amount the annulus-
suspension absorbs).

Figure 2 shows the response-curve effects that are usually
obtained by variations in these mechanical features.

(Continued on page 82)
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the

" LECTRONIC ANTENNA

P R OS a n d CO N S/ An EW Symposium cConducted by CHARLES S. TEPFER

Do integrated combinations have any special merit?
Six leaders in antenna and booster design evaluate
advantages and disadvantages for Electronics World

ESPITE the periodic introduction of new designs, the

TV antenna field has not been marked by any revolu-

tionary developments in quite a while. In the past vear
or so, a significant innovation has given everyone something
to talk about: the “electronic” antenna.

To be sure, the term is not accepted evervwhere in the
industry. Some talk of the integrated amplificr-antenna,
others of a booster simply mounted on the antemna, and still
others of such coinages as a “Transis-Tenna.” Whatever its
name, the product is being promoted and sold as something
new in many quarters. Evervone who uses or deals with an-
tennas wants to know exactly what the development means.

To get the most anthoritative information, ELectroxics
WonLp has directly queried six leading sources. Since both
a signal amplifier and an antema are involved, whether or
not design is integrated, mannfacturers of both types of
equipment were approached. Strictly as discussion “starters.”
the following four questions were put to them:

1. Why has it taken so long for antenna-mounted hoosters
to come into being?

2. Is there any appreciable difference between an anteima-
booster combination and a separate antenna with the booster
mounted on the mast?

3. Are there such things as boosters that are specifically

John R. Winegard
) President
Winegard Antenna Systems

AST-MOUNTED antenna amplifiers have been avail-
able for almost as long as TV itself. Althongh their ad-
vantages for weak signal reception have ahways been well
known, until recently their use had been very limited because
of the fack of an ultra-low-noise amplifier at an economical
price. The introduction of the Winegard “Powertron” elec-
tronic antenna, with its built-in amplifier, overcame forer
objections and set a new TV reception standard.

In the carly enginecring of the “Powertron,” it was found,
from our wany laboratory and field tests, that the only way
to get maximum over-all performance and best system signal-
to-noise ratio was to design the amplifier and the antenna
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designed for the antennas on which thev are mounted?

4. What are the differences between vacuum-tube and
transistorized boosters?

The answers were not only varied but, in turn, raised a
nimber of other questions—and for these, too, there were
many answers. For example, the “best” spot for the booster
depends not only on noise level and matching, but on how
amplifier power is supplied and environmental considerations.
(Should it be protected tfrom the elements? Or is heat build-
up indoors, as in an attic. less desirable?) In turn, these
factors depend on whether tubes or transistors are used.
Which system affords the best dependability and/or the
euasiest maintenance?

These examples merely snggest the multiplicity of relevant
factors and the need to strike a halunce when they clash, The
disagreement in the answers is no indication that the industry
doesn’t know what it's talking about. It rather illustrates
differences in design philosophy.

Instead of confusion, then, discerning readers will find the
bases for choosing solutions that most closely serve particular
reception needs. Is the level of signal or of noise the greater
problem? How many sets will be fed? \What are the physical
characteristics of the bailding involved? And so on. The clues
are scattered. But they are here.

together. Our findings agreed perfectly with theory becaunse,
although most TV antennas and amplifiers are called 300-
ohm devices by their respective manuafacturers, they are not
that perfect. There is no such thing as an all-channel an-
tenma that has an exact 300-ohm impedance on all 12 v.h.f.
TV channels. Nor is there such a thing as a TV booster that
has exact 300-ohim impedance on all channels.

It is common practice in the industry to call an antenna
or an amplifier 300 ohms™ if its voltage-standing-wave-ratio
does not exceed 2:1 at any frequency involved when the
device is conmected to a 300-chm source or load. This degree
of mismatch is normally of no consequence. However, when
two such units are nsed together, the total mismatch can be
as high as 4 to 1, and the results can be guite undesirable.
The only way to eliminate this possibility is to design am-
plifier and antenna together, so that variation in impedance
characteristics from the design center is abways under control.

Simply mounting a good, universal, antenna amplifier on
any conventional antenna will improve the signal-to-noise
ratio of that system. But such a method can never he as
perfect as that of a true electronic antenna, where an ultra-
low-noise amplifier and a high-gain, all-channel antenna are
engineered as one. (There is no price advantage cither way.)

We mamufacture both tube and transistor amplifiers for
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the following reasons: While present transistors are as good
as tubes as far as low noise and gain are concerned, their
use is limited strictly to remote fringe arcus because they
will not work in arcas that have a mixture of strong uand
weak signals. Transistors tend to overload and cause picture
interference when the sum of all the TV and FM signals in
an area is about 20,000 microvolts or more. Now it is pos-
sible, with current transistors and circuits, to raise this input
level somewhat by changing the bias voltage on the trun-
sistor to a less than optimum value. This, however, results
in less gain and, even more serious, a loss in noise figure.
Existing tube amplifiers are immune to this overload prob-
lem up to approximately 230,000 microvolts.

We are introducing an electronic antenna that has a new
ultra-low-noise amplifier with the amazing signal input of
100,000 microvolts, When these are available, an clectronic
antenna can be used anywhere—even within a stone’s throw
of a TV station—without cross modulation and overload prob-
lems. Removing this last limitation will, of course, further
increase the popularity of electronic antennas by allowing
their use in areas where a local transmitter is present. Many
people in such areas would like to be able to pull in distunt
stations and need an electronic antenna. We will follow up
with a similar antenna for FM.

Electronic antennas answer another need in modern house-
holds. There is a trend to two and three TV and FM sets
in a home, plus the desire by many viewers to have the con-
venience of antenna plug-in outlets in several rooms. The
extra gain made possible by antenna amplification offsets
the loss that occurs when splitting up an antenna lead-in to
feed scveral sets or outlets.

Edward Finkel
Vice President, Sales
JFD Electronics Corp.

CTUALLY, antenna-mounted hoosters have been avail-

able for several vears. These units, however, were bulky
and expensive. Engineers had to use several tubes (snuch as
6]6 and 6AK53) and many more components to get satisfactory
gain and bandwidth for all TV frequencies. The first break-
through came with the introduction of the 6BQ7 and 6BK7
tubes, used in cascode circuitry, Subsequently, frame-locked
tubes, such as the 6D]J8, enabled the designer to use a single
tube for a high-gain, low-noise circuit. It has only been dur-
ing the past year or so that efficient, very-high-frequency
transistors were manufactured at a price that makes possible
an cconomical transistorized amplifier.

There are some problems relative to boosters specifically
designed for the antennas they are mounted on. As is well
known, the impedance of an antenna varies more or less
across its design frequencies. We found it economically im-
practical to design an antenna amplifier to perfectly match
this characteristic. Furthermore, the antenna characteristics
also vary with height above ground, weather, and surround-
ing objects in an unpredictable manner.

The one advantage of the “matched” amplifiers is that
they have presented to the public the concept of an “elec-
tronic antenna.” We make available a broad line of antenna-
amplifier combinations, as well as the amplifier by itself. All
amplifiers are designed for 300-ohm input and output im-
pedances. In this way, each user can match the appropriate
combination to his precise area requirements,

As for location, there are two basic advantages to an an-
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tenna-mounted amplifier as against a mast-mounted type. As
mentioned, it is almost impossible to match the amplifier in-
put to the antenna precisely. If, at some frequency or fre-
quencies, there is an appreciable mismatch, a length of line
between amplifier and antenna allows a standing wave to
be set up, and this can seriously affect the picture, At the
same time, an incorrectly terminated short length of line can
very easily act as a stub or trap to certain channels.

Noise is the other important consideration. There is no
way of preventing an antenna from picking up atmospheric
and muan-made noise. Consequiently, the antenna’s output
consists of both desired signal as well as noise. But noise is
also picked up by the transmission line; the longer the line,
the greater the noise pickup. The booster, in turn, will am-
plify whatever appears at its input; it cannot differentiate.
So, for best signal-to-noise ratio and, consequently, lcast snow
in the picture, the signal should be amplified before addi-
tional noise is added to it. The best way to accomplish this
is to amplify the signal at the antenna terminals.

In terms of gain and bandwidth, there is little if any
difference between a well-designed transistor booster and a
vacuum-tube tyvpe. The mujor disadvantage of a tube unit
is lack of reliability, Tubes necessitate more frequent replace-
ment. Since they also require higher operating voltages than
transistors, it becomes impractical to send both the high
voltage (100 to 150 volts d.c.) and the low-voltage filament
current through the transmission line to the amplifier. Thus,
the power supply must be in the amplifier itself, increasing
its weight and bulk, and making it more liuble to expensive
repair. Sensitivity to weather is another disadvantage of the
tube-tvpe booster. Water may enter the unit, when it rains
or snows. The high d.c. voltages present may canse electrol-
ysis and accelerated corrosion of metallic parts.

Transistor boosters suffer from limited signal swing and
increased tendency to cross modulation. A transistor, by its
nature, cannot handle as wide a range of signal amplitudes
as a vacuum tube. This can be overcome, however, by the
proper choice of transistor. JFD uses the Amperex PADT-28,
a post-alloy diffused tvpe. This unit can handle signal levels
up to about 25,000 microvolts in a properly designed circuit.
Cross modnlation can be controlled by the use of appropriate
traps at the antenna.

An important feature of a transistor is its extremely low
power drain and, so far as the consumer is concerned, low
operational costs. As a corollary to this, the transistor gen-
erates much less heat and correspondingly less component
breakdown. Finally, a transistor is much more resistant to
vibrational breakdown than a tube.

Don Rogers
Manager
Distributor Products Engineering
Jerrold Electronics Corp.

ERROLD has been making mast-mounted preamplifiers

for almost a full decade. The first ones, developed for com-
munity antenna svstems, were called “De-Snower” preampli-
fiers. The reason such units did not catch on with consumers,
until the transistor models came along, is that they worked
with coaxial cable and sold for well over $100.

To offset these limitations, we bronght out models that
use either coax or twinlead and list for well under $100.
This really started us in the consnmer end of the market.
However, it was only a relatively few months after that that
we were able to come out with the “Powermate” transistor
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amplifier. This dropped the price for an antenna amplifier
from $89 list to $39 and enabled a simple and inexpensive
installation.

The difference in performance between transistor and tube
boosters is slight. Both can be designed for approximately
equal gain and noise figure. Transistor models tend to be
simpler and more compact because they do not require as
elaborate power-supply circuits and do not generate as much
heat. On the other hand, the good r.f. transistors so far avail-
able do not have the overload capabilities of tubes, which
restricts their use in strong signal areas.

In addition to the magic of the idea of transistors, there
is the very real advantage that their probable life is well
above that for ordinary receiving tubes. This reduced nced
for maintenance in a mast- or antenna-mounted device en-
courages its wider use.

There are small advantages in designing an amplifier as
an integral part of an antenna, but these relate principally
to optimizing the impedance match between the antenna
and amplifier. Accordingly, we would expect the improve-
ment over a well-installed, separate-amplifier arrangement
to be less than 1 db. There are of course advantages in me-
chanical simplicity.

The improvement in TV picture quality from using a
booster is either an increase in contrast due to the additional
amplification or an improvement in signal-to-noise ratio due
to improved noise figure, or both. No booster can improve
the S/N ratio of the incoming signal at the antenna. It can
only rescue the signal and amplify it so as to conserve that
original S/N ratio, before the signal is attenuated by the
lead-in transmission line.

The noise figure of a device is the ratio of its output S/N
ratio to that which would obtain with a perfect noiseless
device. It is on the order of 5, 10, or 15 db for any practical
TV set or booster. The problem is that the noise figure of
the booster should be as low as possible to avoid worsening,
and perhaps to improve the figure of the entire system.

Advertising claims in the consumer market tend to be less
specific than in the industrial market, where the appeal is
made to technically trained people. In general, claims of the
“up to” tvpe are less trustworthy than statements of average
gain, and these are less useful than statements of low noise,
where the most reliable claim is one which states a maximum
noise figure you can verify experimentally.

The transistorized “Powermate” uses low-voltage a.c. rather
than d.c. to power the preamplifier. There are three very
good reasons for this:

I. It ciiminates any and all nuisance associated with po-
larity. This we have found to be a tremendous problem with
consumers even when a switch is provided, because wires
become disconnected, switches get thrown, ete., and service
calls ure mude unnecessarily.

2. By putting the filter and rectifier up in the preamplifier
we protect the transisior against static discharges and similar
voltage surges.

3. We greatly reduce the possibility of corroding the ex-
posed twinlead terminals due to electrolytic action that can
make place whei 1 constant d.c. voltage is present.

There can also be small but very real advantages and dis-
advantages in one tyvpe of neutralizing circuit, transistor,
transformer core, etce., over another, but these depend to a
groat oxtent on the engineering considerations and how they
airz incorporated into the circnit. Thus it is almost impos-
sible to judge the relative merits of products emploving them
on the basis of such isolated criteria. Judgment must be
based on the extra values really achieved, such as flatness of
response, immunity to both low and high temperatures, long-
time freedom from hum modulation, shielding between am-
plifier and antenna, and ease of satisfactory installation. The
important question is, “How does the unit perform in the
field under operating conditions and over a relatively long
period of time?”
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As to the halance between performance and cost, there is
an optimum installation for any receiving problem. To start
with, there is no substitute for an antenna large enough and
effective enough to capture a signal which is adequate at
the top of the mast. But when we consider that the antenna
array doubles in size for every 3 db increase in signal de-
sired, it becomes obvious that, once the antenna is large
enough to secure a good S/N ratio, we can add more gain
for less money and less storm hazard by electronic methods.
Thus we can overcome downlead and splitting losses and
deliver a good signal to the receivers with a simpler and
more satisfactory installation.

I believe that this accounts for the increasing popularity
of electronic antennas and outdoor amplifiers.

A Ben Tongue
Vice President & Chief Engineer
Blonder-Tongue Laboratories, Inc.

*

BELIEVE we were the first to introduce the mast-mounted

transistor booster. \WWhy hadn’t anvone ever done it before?
Probably because reasonably priced, high-gain, low-noise
transistors were not available until recently. It was also felt
that it would be difficult, if not impossible, to neutralize a
grounded-emitier transistor for the entire two-octave fre-
quency range from 34 to 216 mc. Inadequately neutralized
transistors are prone to oscillate when improperly termi-
nated. Our model IT-3, an indoor transistor booster, was
something of an engineering breakthrough.

Once the IT-3 had proved its effectiveness, we dzcided
to design a mast-mounted unit. Our tube-powered, mast-
mounted boosters are quite successful, and we thought that
a transistor unit might be well accepted.

One problem with transistor boosters is that they more
easily overload than tube units. We reduce cross modulation
by placing an electrolytic capacitor between the base and
emitter returns, but the problem persists. Since this method
is not universally used. there are a few areas where some
transistor noosters will not work. These are areas where there
are strong local signals in addition to desired weak ones.

As for the claim that a built-in booster is more efficient than
a separate unit, this is invalid when the separate antenna is
truly designed for best average performance over all chan-
nels into a 300-ohim load. All good boosters, of course, are
matched to 300 ohms.

Another factor to consider is oseillation. If the output can
couple to the input — more likely in built-in boosters — the
amplifier will oscillate. Besides, a scparate booster can be
reached more casily for servicing and, if weather conditions
destroy the antenna, the booster can still be used. Also, a
separate booster can always be mounted indoors.

On this last point, I feel it is a good idea to mount even
a transistor booster indoors. In the first place, boosters are
mast-mounted for only one reason: to improve the signal-
to-noise ratio. Of course, every booster adds some noise, but
if it is mast-mounted, it amplifies the signal before it is de-
teriorated by the downlead. A hundred feet of downlead,
when wet, can attenuate the signal by up to 10 db on chan-
nel 13. Since the noise level remains about the same, the
signal-to-noise ratio is affected adversely by this loss. So
normally we say that the booster should be mounted as close
to the antenna as possible. However, let’s suppose that 20
feet of wire would take us into the attic. Twenty feet of twin-
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lead would only attenuate the signal by 2 db under the worst
weather (On(llll()llh. And 2 db is not en()ug,h attenuation to
canse an casily discernible difference in picture quality.
Therefore, you would be better off to mount the booster in
the attic. One word of caution though: attics sometimes get
very hot and transistors are sensitive to heat. A transistor
booster should not be installed in arcas where the tempera-
tures may exceed 120 degrees F.

Harold Harris
Vice President, Engineering
Channel Master Corp.

T HE deve]opment of new, low-noise v.h.{. transistors with-

in the last vear and a half has been the principal reason
for the revived interest in TV boosters. Some carlier TV tun-
ers used cascode cirenits, which had a high-band noise figure
of between 7 and 8 db. These were replaced about two years
ago with circuits using the frame-grid tube, which has a noise
figure of about 6 db. The transistors used in the new boosters
have a still lower noise figure—about 4% db.

It must be remembered that the ability of a booster to
improve picture quality depends not so much upon its gain
as upon its noise figure. The noise figure must be below the
noise figure of the TV set. The greater the difference, the
greater the improvement in picture quality. Since most sets
in current use employ cascode tuners (7 to 8 db noise), it
is eusy to sce the trcmcn(lous' improvement that a low-noise,
transistorized booster (4% db noise) can make.

Of course, mounting the booster on the antenna goes a
long way to improve the picture quality by eliminating the
effects of line loss. which mayv be 2 db or more on the typical
installation, Tube-type boosters overcome the line loss but
do not necessarily improve the noise figure of the TV set.
Transistorized boosters, on the other hand, not only over-
come the noted line loss but also provide an approximate 3 db
improvement in noise figure (with TV sets using cascode
tuners). Channel Master boosters are designed to provide
the highest signal-to-noise ratios currently possible.

The development of the low-noise transistor was also a
great improvement because of its much greater reliability
over electron tubes. This refers both to the transistor itself
and the associated circuit components.

For those who prefer it, we offer a packaged combination
of antenua and booster. From the engineering standpoint,
however, there is no unusual merit in such an arrangement.
The chief advantage it might have is the fuct that the output
impedance of the untenna can be accurately matched to the
input impedance of the amplifier. Yet the fact is that better-
designed antennas are made to match—not a booster—but
the 300-ohm impedance of standard transmission line.

Designing a booster to have an input impedance of that
value is not difficult. Furthermore, the booster leads can be
treated as an integral part of the input circuit, so that their
effect can be predicted and included in the impedance meas-
urement to insure a 300-ohm system figure. This has actually
been done in the case of some boosters, including our “Tel-
star.” T doubt that the advantages claimed for the matched
booster-antenna combination would add up to 1 db.

There are important differences among the power units
used for antenna boosters and 1 would like to explain why
we use our system. Our a.c.-to-d.c. converter is in the case
behind the TV set, so we send d.c. up to the booster. We
feel that the rectificr and associated components are the most
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likely parts to need replacement after a long period of time.
Mounting them at the antenna would be a hardship for the
service technician and expense for the set owner, Also, there
really is little problem of polarity reversal because, if a serv-
ice teclnician installs the system, he will set it up so that
the polarity is correct for the best picture (this is readily
apparent). After that, there is really no reason for the set
owner to make any change. If there is, he need only reverse
the antenna leads at the power supply. D.c. at the booster
terminals does not invite corrosion because the terminals are
well shielded and in a water-tight case. Incidentally, because
the case is water-tight, there is no reason to put the booster
any place but on tne mast or antenna. Water on the down-
lead will not attenuate signal as much as some think, and
attic heat may harm the transistor amplifier.

All the foregoing tends to obscure the most important
issue, which is simply this: good TV reception starts with
a good antenna. There is no substitute for a good antenna.
A booster should not be used as a “crutch” for an inadequate
one. The reasons for this are simple. An antenna provides
what might be culled “pure” signal. There is no circuitry to
generate noise. The purpose of any receiving antenna sys-
tem is to pick up as much signal as possible. Then, and only
then, are we ready to talk about amplifying this signal.

Since good TV reception demands, first of all, the proper
selection of a suitable antenna, this choice should be made
solely on the basis of the best antenna available for a par-
ticular reception problem.

Once the proper antenna huas been selected, it is then
a simple matter to add a well designed booster, like the
“Telstar,” which has a very high signal-to-noise ratio. Further-
more, the consumer who seleets his antenna and booster sep-
arately affords himself the advantage of full freedom of choice
among the many different boosters on the market. And this
is ulso important because baoosters, too, differ in quality and
features. From a mechanical viewpoint, this presents no
problems. The booster can be attuched quickly.

L. H. Finneburgh

President
The Finney Company

HY HAS IT tuken so long for mast- or antenna-mounted
amplifiers to become popular? Probably the best an-

swer is the wait for a satisfactory and reasonably low-priced
transistor. It was difficult enough to replace tubes in a mast-
mounted booster and, of course, the replacement of a tube
in an antenna-mounted booster is even more difficult and in-
convenient. Even with a transistorized amplifier, antemna-
mounted, I believe it is intelligent to have the amplifier
attached in such a manner that it can be casily removed if
and when servicing is required. Likewise, 1 believe it is de-
sirable to have the design such that, on those few occasions
when the amplifier might require removal for service, the
complete antenna is left intact and still usable for reception.
Undoubtedly there is a slight theoretical difference be-
tween an amplifier mounted at the antenna terminals and one
mounted on the mast, since even a 3- or 4-foot length of
300-ohm line connecting the antenna terminals to the input
of an amplifier mounted on the mast would have some slight
calculable losses. However, the losses of such a short length
are extremely small and negligible. Therefore, if both the
antenna and the amplifier are properly designed for 300-ohm

(Continued on page 92)
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SONY TRANSISTOR SUBSTITUTION DIRECTORY

.| TYPE AND AMERICAN . TYPE AND AMERICAN
SONYNO. CESNO."/  “crpyice  |NUMBER] MFGR. SONYNO. JCESNOS) “sepyice  |WUMBERT —WroR
2711, 2112 P—a.f. amp. 2N322 | MOT, GE 21313, 2T314| 2SB49 |P—alt, Is,d. | 2N323, | MOT, GE
21152117 IN324 | GE
2713 P—a.f. amp. 2N323 | MOT, GE 21315 2SB50 |P—af.,ls.d. | 2N508  MOT, GE
714 P—at.amp. 2N320 | GE 21321, 21322| 2SB51 |P—alf, Is. 2N319 | 'MOT, G-E
21 P—af, ls. 2N319 | MOT, G£ _ 2N320 | MOT, GE
57737775 Pl s, 2N320 | MOT GE 21383 2SB53 r—l.n., af, 2N526 | MOT, G, SVL
2123, 2124 P—af. Ls. 2N321 | MOT, GE 57501 INS_'a_f_vp IN3Z6 | SYL
2126 P—af, Ls. 2N319 | MOT, GE 2T511-2T513 " N—bc. con., mix.| 2N169A | G-E, SYL
2151 N—bc. con. 2N169A | GE, SYL 2752021523 TN—i.f. amp. 2NT69A | G-E, SYL
2152 N—i.f. amp. 2N169A | G-E, SYL 27551 N—rf IN168A | SYL
2153 N—i.f. amp. 2N168A | SYL 27552 N—r.f. amp. 2N169A | G-E, SYL
2T61-2763 N—af amp.d. | 2N647 | RCA 27681 N—Ln, af. 2N647 | RCA
2764, 2T64R, 2T65, 2T65R, 2166, 2T66R, 2167 amp.
2769 N—a.f. amp., Is.| 2N647 | RCA 27682 N—ci., sw. 2N585 | RCA, GI, SYL
2173, 2T73R N—bc. r.f.amp., | 2N168A| SYL 21701 N—con. NIGBA| SYL
con., mix., 0Sc. 212001 P—con. 2N384 | RCA, SYL
2174 N—bc. con. 2N168A[ SYL 213011 25B140 | P—ci, af. p. | 2N301 | RCA, SYL
2712172, N—if. amp. 2N169 | GE 213021 2SB141 P—ci. af,p. | 2N301A|RCA, SYL
2175, 2T75R, 2776, 2T76R, 2177, 2TTTR 213030 2SB142 P—af. p. 2N301 | RCA, SYL
2T78R N_—ci,rf.g IN167 | GE g;ggg;, 2SB143 | P—a.f., p. 2N301 | RCA, SYL
2182-2186 N—af.amp, Is. | 2N576 | SYL -
21201 2§A12§, P—rf.amp, | 2N384 |RCA, SYL §{§3§§ 25B144 | P—at.p. 2N301 | RCA, SYL
2SA123 | con., mix., osc. - aNir
2T203 | 2SA12% [P—FMamp. con | 2N384 | RCA, SYL e Ig:g::: ] R
miX., 0ScC.
21208, 21205 P—ci,rf, g | 2N384 |RCA, SYL gggfg :_":f' el S B ST T 1
- ' —ci., vhf.osc. | 2N1564,| TI
2T204A, P—ci, r.f.amp. | 2N384 |RCA, SYL ON1565
212057 mix., 0ScC. 25CIST-TN—c, r.f.amp. | 2N332- | RAY, TT, SYL,
21311,27312| 2SB48 |P—af,ls.d. |2N322 IMOT,GE 25C197 | IN336 ' GE

HITACHI TRANSISTOR SUBSTITUTION DIRECTORY

AMERICAN AMERICAN

NUMBER | TYPE AND SERVICE  (qrroeem | Ty NUMBER | TYPE AND SERVICE d WFGR.
23A12  |P—455 ke. amp. 2N218 | RCA 25B76 |P—cl. Aa.f. amp. 2N406 RCA, SYL
25A13 E 2N410 RCA 2SB77 " |P—ls. a.f. amp. *N217 RCA. SYL
2SA15 |P—540-1640 kc. con. |2N219 lRCA 2SB78 m “N408 RCA, SYL
2SA16 K 2N412 IRCA. SYL 2SB83 |P—p. a.f. amp. and sw. [2N301 RCA, SYL
2SAS0 | P—s-w con. 2N370 fRCA.SYL 2SB84 E 2N301A RCA, SYL
2SA81 | P—s-w local osc. 2N371 | RCA 25B8Y |P—L.s. a.f. amp. 2N270-5 RCA
2SA82 | P—s-w mixer 2N372 'RCA 2SB183 |P—cl.A, a.f. amp. 2N105 RCA
2SA83 [ P—455 k. amp. 2N373 RCA. SYL 2SB184 |P—L.s. a.f. amp. 2N105 | RCA
2SA84 |P—540-1640 kc. con. |2N374 'RCA. SYL 2SC83 [N—m.s. sw. 2N585 RCA, GI, SYL
2SA208 | P—med. speed sw. 2N578 GI, RCA 2SC90 " 2N1090 | GI.RCA,MOT
2SA209 g 2N579 GI,RCA 25C91 E 2N1091 'RCA.GI
2SA210 " 2N580 GI,RCA 2SD75 |N—cl. A a.f. amp. 2N1010°  [RCA
2SA211 " 2N581 GI.RCA 2SD77 |N—Is. a.f. amp. “N647 RCA
2SA212 " 2N404 TI,RCA.MOT,SYL, | 2SD120 [N—h.p. sw. INT480 RCA

G-E, RAY, Gl 28Di21 " 2N1482 RCA
2SA217 " 2N582 GI.RCA 2SD122 7 IN1484 RCA
25B68  |P—h.v. sw. 2N398 SYL.MOT,RCA,GI' | 2SD123 7 2N1486 RCA
2SB73 |P—I.n., a.f. amp 2N220 RCA 2SD124 K 2N1488 RCA
2SB75 |P—cl. A a.f amp. 2N215 IRCA 2SD125 " 2N1490 RCA

*CES—Communication Engineering Standard

-n-p'’;

N—*n-p-n"";

con.—converter; mix.—mixer; osc.—oscillator;

p—
a.f., Es.—audio frequency, large signal; a.f., d.—audio frequency, driver;

a.f.,,

p.—audio frequency, power; ci.—computer-industrial;

I.n.—low

noise; sw.—switching; bc.—broadcast; r.f.—radio frequency; r.f., g.—

February, 1963

radio frequency, general use: amp.—amplifier; s-w—shortwave: h.v.—
high voltage; m.s.—medium speed; h.p.—high power; MOT—Motorola,
G-E—General Electric, SYL—Sylvania, RCA—Radio Corp. of America,
Gl—General Instrument Corp., RAY—Raytheon, TI—Texas Instruments.
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By SIDNEY L. SILVER / 8. Eichwald & Co.

Elcch“()maglzel‘ic De]ay Lines

W hen pulse signals must have a precise, short time lag,

artificial transmission lines or delay cables are used.

Here is how these devices operate and their applications.

N THE complicated circuitry of modern communications
svstems, it is commonly vequired to delay a signal or
information for precise time intervals, Devices such

as radar svstems, computers, guided missiles, television syn-
chronizing  generators, pulse-forming networks, and tele-
metering svstems all require delay lines to control the time
position of information.

Delay circuits are also used to synchronize sweep circnits
and time-hase calibration in oscilloscope and sweep genera-
tors. To obtain the desired timing and scquence of operation,
a master signal or pulse is delayed by means of some elec-
tronic or mechanical device which has a definite period of
transmission between its input and output. An electronic
circuit which performs this function is called a delay line
or storage netwaork.

Basically, a delay line is a passive network that retards
or delays an electric signal for a specific length of time,
usually in the microsccond range. The tvpe of delav circuit
emploved depends on the characteristics of the data to he
delayved and the time delay required. Purely electrical devices
are practical for short delavs in the .1- to 20-microsecond
range becanse of the long paths required at the high velocity
of electrical propagation. This article restricts itself to the
electromagnetic type of delay line, which falls into three
basic categories; the lumped-constant delay line, the distrib-
uted-constant delay line, and the delayv cable. The electrical
characteristics of cach type may overlap, inasmuch as the
hasic principles for all tvpes of electromagnetic delay lines
have much in common.

Lumped-Constant Delay Lines

In its simplest form the lumped-constant delav line is com-
posed of a series of low-pass filter sections with mutual in-
ductance between the successive sections. The time required
to charge the capacitance through the inductance in the
network results in a time delay or phase shift. As shown in
Fig. 1, the series inductors and the shunt capacitors are
luiped together to simulate the distributed characteristics
of a real transmission line. In effect, the lumped-constant
delay line is an artificial transmission line which has heen
compressed in a small volume. A true transmission line has
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almost no deterioration of frequency response up to hundreds
of megacyeles. However, an artificial transmission line has
characteristics similar to a low-pass filter, insofar as such a
filter tends to reject all frequencies higher than the cut-off
vidne. For this reason, a large number of filter sections are
used in the line so that the cut-off frequency is more sharply
defined. If an insufficient number of sections are used, the
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Fig. 1. {A} A lumped-constant delay line with mutual coupling
(B) Delay line with optimum mutual coupling between section parts.

Fig. 2. (A) Distributed-constant delay line. (B} Line with compen-

sating capacitors. {C) Distributed-line construction technique.
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cut-off frequency of the line is low so that the bandwidth
is restricted.

One problem in a delay line, which is not apt to arise in
a true transmission line, is that the time delay in an artificial
line may vary with frequency. This condition is best con-
trolled by adjustment of the mutual coupling between the
two halves of ecach section, as well as the mutual conpling
hetween adjacent sections. Fig. 1B shows such an arrange-
ment where the mutual coupling is calculated to be at its
optimum value to give linear phase response.

Distributed-Constant Delay Lines

The same principles that govern lumped-constant units
apply to distributed-constant delay lines. As shown in Fig, 2.\,
the capacitunce and inductance are distributed along the line
to more closely approximate the transmission line. The coil
provides a continuous inductance along the line. and the ca-
pacitance is obtained hetween the coil and the ground plane.
Time delay of a signal is accomplished by storage in the mag-
netic ficld of the coil and in the electrostatic field between the
coil and ground in close proximity. These two parameters also
comprise the mutual coupling between any two parts of the
line and the capacitance between then.

If a low frequency is fed into the delay line, the amplitude
and direction of the current will be the same, with the com-
mon magnetic field producing a large value of inductanice. 1t
the frequency is sufficiently high, there is a reversal of the
direction of the current because of the delay in the line. Since
the time delay is dependent on inductance, this appurent loss
of inductance will result in a shorter delay time. One method
of minimizing this variation in time delay is indicated in Fig.
2B. Compensating capacitors are added to the winding in
such a manner as to increase the high-frequency delay time.
The coupling between turns having a different phase relation-
ship is thereby reduced, so that the bucking effect is negli-
gible. This type of compensation reduces the bandwidth of
the line. due to the attenuation of high frequencies caused by
the high impedance of the parallel-tuned circuit. However.
careful adjustment of these capacitors will yield a constant
delay time over the usable frequency range.

Fig. 2C illustrates the construction of a distributed-constant
delay line. The line normally consists of a multi-laver coil of
insulated wire around a ceramic rod that has heen coated with
a conductive material, such as silver, to provide a ground con-
ductor pattern. The rod is covered with a thin laver of dielec-
tric, such as Mylar or Teflon. The entire unit is then encapsu-
lated to resist moisture and vibration. Fig. 3 shows a group of
distributed-constant  delay lines employed in pulse work,

Fig. 3. Distributed-constant lines mounted on printed circuit.

-
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Fig. 4. Cutaway diagram showing construction of delay cable.
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Fig. 5. {A) Properly terminated line. (B} Time-delay relation.

——=0UTPUT

++

SENDING
END

|

REC.

T END

Zo

T 1

==
)
—

(a)
INPUT PULSE AND ‘ |
REFLECTED PULSE 1 1
AT SENDING END 2Td —
r |
|
|
|
|
|
|
DELAYED PULSE AT !
RECEIVING END Ta
t 1
1
TIME BASE
)]

Fig. 6. {A) Open-circuited line. (B) Output pulse produced.

mounted on a printed-cirenit assembly. These lines are de-
signed for short delay intervals and provide a high ratio of
delay-to-pulse-rise time, in minimum space.

Delay Cables

Essentially. the delay cable is a distributed-constant delay
line with @ much longer winding for a given delav. Conse-
quently delay per inch is very small and the cut-off frequency
characteristic is such that the attennation increases gradually
with increasing frequencies. Practical delays may vary from
a fraction of a microsecond to 20 microseconds. Within these
limits, any delay period can be obtained by cutting and cali-
brating the line.

Fig. 4 shows a cut-away view of the delay cable. The flex-
ible magnetic core carries the closely wound inmner conductor.
A low-loss dielectric, such as polyethylene, is applied over
the inner conductor in the form of overlapping tape. The outer
conductor consists of parallel wires which are spirally wound.

47

www americanradiohistorv.com


www.americanradiohistory.com

,—»- ouTRUT

—H_ e y
SENDING | | I | |
END REC.

T T 1
- » ® ¥ B ®
£
(A)
INPUT PULSE AND
REFLECTED PULSE » {
AT SENDING END I
l—:— —2Td————
!
{
f
[ |
1
TIME BASE
(B)

Fig. 7. (A) Short-circuited line. (B) Output pulse produced.

Finallv, a polyvvinyl jacket is extruded over the cable core. The
cable is ant to any desired length and endcaps are molded to
cach end to provide a hnmidity seal.

Theoretical Considerations

Normally, delay lines are used for step functions (pulses)
and sqiuare waves rather than sine waves. Since step functions
are composed of a fundamental and odd Larmonics., these fre-
queney components must be delayved equally to assure mini-
mnm pulse shape distortion. In a properly designed delay
line, the sum of the frequencies and phase angles which com-
prise the outpnt pulse will assume the form of the input pulse
as closely as possible.

A delay line mav be defined by three properties: its cut-off
frequency, its equivalent length, and its characteristic imped-
ance.

The frequency response (3-db points) may l)e related to
the pulse rise time by the equation: BW == 36/T.. where BW

bhandwidth m megacveles, T —rise time in lm('msec()nds.
Eqnivalent length is usnally expressed as a delav time equal to
the time taken to traverse the network. This is given by: 7
NV LC, where Ty = time delay in seconds. N = number of scc-
tions, L —indnctance per section in henrys, and C = capaci-
tance per section in farads.

The characteristic impedance of a delav line is found by
the fornmla: Z.=\ L C where Z = characteristic impedance
in ohims, L = inductance per section in henrys, and C = capaci-
tance per section in farads

A delay line, if terminated in its characteristic impedance
(7)) at the receiving end and properly matched to its sonrce
impedance (Z.) at the sending end. will reproduce at its out-
put a waveform applied to its input terminals. Fig. 3A shows
a properly matched delay line where the input voltage is dis-
sipated in the terminating resistance without reflection, The
input waveform shown in Fig. 3B is reproduced at the ontput
terminals with negligible distortion and with a time delay
determined by the clectrical length of the line.

If a delay network terminates in a short-circuit or open-
cirenit, nnltiple reflections of the waveform ocenr back and
forth along the line. Reflections generally are imdesirable. but
for special applications such as pulse-forming circuits, they can
be used to advantage. Fig, 6A indicates a delay line properly
terminated in its characteristic impedance at the sending eud
but unterminated at the receiving end. A delaved pulse ap-
pears at the receiving end and an additional pulse of the same
polarity is reflected to the input terminals. The reflected pulse
is delaved by two times the total delay of the network, as
given in Fig, 6B, which is the time required for a pulse to
travel to the end and back,

If the receiving end of a delay network terminates in a
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short-circuit. no pulse appears at the receiving end, but an
inverted voltage pulse is reflected back to the input. Fig. 7A
shows a delay line properly terminated in its characteristic
impedance at the sending end hut short-circuited at the re-
ceiving end. \When the reflected wav e reaches the sending end
it is absorbed in the matching termination. The resultant time
interval, as given in Fig. 7B. between the original pulse and
its delayed counterpart, is cqual to twice the total delay of
the network.

Pariable Delay Lines

According to application, it mav be necessarv to provide
for a variable time delay while maintaining a low attenuation
at high frequencies. Where high delay-to-rise-time ratios are
required, lnmped-constant delay lines can be tapped at differ-
ent points to give a series of delays. A common method of con-
necting a variable tapped delay line to a high-impedance out-
put is shown in Fig. 8A. The output impedance shonld be 10
times or more the impedance of the line, to minimize reflec-
tions from the line back to the source.

In Fig. 8B, the line is commected for a low output imped-
ance. The source is fed into the line tap and sees one-half the
characteristic impedance of the line. Maximum power transfer
without reflections is obtained when the source impedance is
eqnal to one-half the load impedance (Z.).

If the load impedance is capacitive, as in the input of a
tube. a compensating network should be added to provide a
constant impedance over the desired trequency range. Fig,
8C shows a half-section of low-pass filter, consisting of the
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tube input capacitance and an added inductor in the termina-
tion of the line. Where high-impedance delay lines are used,
more cluborate compensating networks are required to pro-
vide a constant over-all delav response.

In applications where a tapped line caimot be used, he-
cause of the high impedance required at the tap, an insertion
or step-type of variable delay line is emploved. As shown in
Fig. 9, the switch sclects the number of LC networks con-
nected in tandem, so that a desired amount of time delay can
be secured. Since cach delay setting is a complete delay line,
the external load can be matched to the impedance of the line.

Where variable time delay with a small resolution time is
required, a continuously variable delay line is emploved. Fig.
L0A shows a distributed-constant delay line using a continu-
ous solenoid with a slider arm wiping along the coil. The
movable contact can travel from one end of the line to the
other, picking up the signal at any point along the line. The
resolution time may be defined as the smallest incremental
time delay that can be achieved.

For longer delay, two or more delay lines can be connecte.
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in series whenever their characteristic impedances are equal.
In this case, the total time delay will be the sum of cach indi-
vidual unit and the rise time will be equal to the square root
of the sum of the squares of the rise time of each unit. Fig.
10B shows a delay network consisting of a stepped variable
defay line and a continuonsly variable delay line. The former
serves as the coarse control for time variation, while the latter
serves as the fine control. To minimize reflections, the input
terminal should be coupled to a source impedimce equal to
one-half the characteristic impedance of the variable line.

Delay-Line Applications

An important function of delay lines is their use in the ver-
tical deflection system of wide-hand oscilloscopes and syn-
chroscopes, to permit complete viewing of the leading edae of
steep-fronted pulses. The time delay, usually in the 4- to k-
icrosecond range, is sufficient to delay the input sicnai be-
fore it reaches the vertical deflection plates. This perieiis the
time-base voltage to be fed to the horizontal deflection piates,
so as to start the sweep before the input signal is superimposed
upou it. Such action is important in the observation of random
pulses and transients where it is necessary to follow the com-
plete variation of the input signal. Fig. 11 shows a lnaped-
constant delay network consisting of 20 m-derived scctons
needt in the vertical amplifier of an oscilloscope. By nusing an
optimum value of mutual coupling, uniform time delay is
obtained for fregnencies well above the ent-off of the vertical
output amplifier. To obtain smooth impedance matching he-
tween sections of the network, trimming capacitors are cm-
ployved. In this application, the network must be properly
terminated inits characteristic impedance to avoid reflections.

A commou method of pulse generation in microwave radar
systems is illustrated in FFig, 12, In order to transmit short
bursts of r.f. encrgy. the radar transmitting tube is modulated
by rectangular pulses of short duration. These pulses are
formed in a delay network terminating in a resistance nnch
greater than the characteristic impedance of the line. Nor-
mally the amplifier tube is in a non-conducting state until
trizgered by the positive input pulse. At this instant plate
current incereases sharply and establishes a voltage wav e be-
tween cathode and ground. The voltage travels down the line
and upon reaching the effectively open end, is reflected hack
to the cathode without change in polarity. This sudden in-
crease in cathode voltuge is sufficient to eat off the tube. Thus,
the leading edge of the ontpnt pulse is formed as the tube
starts to conduct and coincides with the feading edge of the
arid pulse. The trailing edge of the output pulse is formed as
the delay line cuts off the tube and bears no relationship to
the grid voltage. After the tube is cut off, the delay line
slowly discharges through the terminating resistor until the
cathode voltage becomes sufficiently low to allow the tube
to conduct, or until a trigger pulse again drives the tube into
conduction.

Delay lines are commonly used in decoding units of missile
gunidance systems. To extract the intelligence transmitted by

(Continued on page 99)

Fig. 13. Circvit diagram of a pulse-width discriminator.
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increasing tendeney to include one test that may ap-

pear to be unnecessary or, at least, of little importance:
the measurement of grid current. The allowable limit may
be as little as one or two microamperes, which way strike
some people as being severe. Since plate cnrrent is often 10
ma. or more, a change in the grid current of less than one one-
ten thousandth of this amount secns of no importance.

To understand the effect of grid current, we have to re-
member that the electron tube, as normally used. serves as a
device with a very high input resistance. This value is meas-
ured as the damping effect of the input on preceding cir-
cuitry that feeds into it. IFor example, it would not make much
sense to design a cirenit with a very high “Q” and then follow
it with a parallel resistance=like the input of the next stage—
that is small. We would lose the advantages of the high-"(Q”
design. This need to maintain a high input resistance is the
reason that the grid is usually connected to ground or to
the tube’s cathode through a high-value, external resistor,
which mayv be as much as 2 or 3 megohms. The presence of
grid current effectively lowers the input resistance.

Where no tuned circuit precedes the tube’s input, grid
current may still change loading on the foregoing circuit
and can also affect operation of its own stage. When the
current exists, it will produce an additional voltage drop
across the grid resistor. This is not an effect produced by
signal cirrent, which may be normal and desirable; it is
purely a d.c. effect independent of signal.

If the grid current is very small, we can either disregard
the d.c. effect or compensate for it by adjusting bias accord-
inglv. In the case of higher grid current, however, there is
danger that it will change during the life of the tube and, as a
result. a shift in characteristics will occur. In addition, there
is something of a problem when the tube has to be replaced.

Tube engineers distinguish four kinds of grid current,
each with its own causes and effects. They can be present
simultaneously, but one will usually overshadow the others.
One of these is identified as a positive grid current; the three

IN DEVICES built to check receiving tubes. there is an
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° RECEIVING TUBE
°GRID CURRENT

By A. SZILASI/ Mgr. of Engineering, Westinghouse Electric Corp.

Four different kinds, each with its own causes and
effects, can be separately identified and measured.

others are all negutive, albeit produced in different ways.
Positive Grid Current

When a grid is positive with respect to the cathode or
only slightly negative (by less than 1 volt), its relationship
to the cathode is somewhat like that of the tube’s plate. Some
of the cathode-emitted clectrons will go to the grid. as they
normally flow to the plate. To complete the circuit (Fig. 1A),
thev will go from the grid through the grid resistor to ground,
and thence back to the cathode.

Since the effect of this phenomenon, as we shall see, is
to make the grid more negative, it may seem confusing to
identify it as positive grid current. Nevertheless, the con-
ventional concept of current flow holds that it moves in a
direction opposite to that of electron movement. Thus this
current, conceived as moving from grid to cathode, is con-
sidered positive.

To account for the effect on grid voltage, consider the
flow of electrons from the grid itself through the grid resistor
to ground. With this direction of movement, the drop across
the resistor is such that the ground end, away from the
grid, is less negative or more positive. The grid end is more
negative. (Compare this to voltage at the plate of a tube,
which is more negative than the voltage on the side of the
plate dropping resistor that is away from the tube. Here,
too, electron movement is away from the tube’s clectrode,
back to the supply.)

With most conventional tubes, this positive grid current
will disappear altogether if we apply 1.5 volts or more of
negative bias to the grid. The latter electrode then repels
rather than attracts electrons. In some circuits, however, this
positive grid current is desirable. It may be used, for example,
to produce automatic bias across a grid resistor. This tech-
nique is often found in oscillator circuits.

Gas Current

Most often, when grid current is mentioned, we think in
terms of a current in a negative direction, opposite to that

Fig. 1. Inadequate bias causes (A} *'posi-
tive'' grid current. Some cathode-
emitted electrons are attracted to the
grid, return to ground through external
resistor. “Negative” grid current may
be caused by (B) positively ionized gas
particles that draw electrons from grid,
(C) matter deposited on grid, or (D)
leakage from grid to another electrode.

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

just described. One such type is gas current. This is always
dne to an imperfect vacunm in the tnbe.

Even with the best exhaust techniques in mannfacture,
there will be some gas molecules left in a sealed-ofl tube.
When these are struck by fast-moving electrons during ap-
eration, they tend to ionize positively by surrendering clec-
trons that go to the plate. The ions are attracted to the
negative grid, from which they take on electrons that have
moved up through the external resistor (Fig. 1B). Since the
direction of movement at the grid is opposite to that in the
case first described. negative current is involved.

In conventional terms. the positive charge moves away
from the grid. throngh the grid resistor and ground. back
to the cathode. This makes the grid end of the resistor more
positive than the ground end. The bias thus produced will
consequently counteract the normally applied negative bias.

Certain conditions of circuit operation will inflnence the
value of gas current. The velocity of emitted electrons is a
kev factor, since this will affect the degree of ionization.
Velocity, in turn, is influenced by the levels of plate and
screen voltage, Total emission current also affects gas-current
value. If the eathode connection is disrupted, for examiple,
gas current must disappear.

Normally tubes display very little or even nnmeasurably
small gas current. The value may be .53 microampere or less.
High values. of course. indicate loss of vacunm. Furthermore.
the nndesired effect can build itself up. The resultant re-
duction in bias can permit a substantial increase in plate
current. Plate temperature then rises, and additional gas
is thus released from the plate metal, increasing gas current
still further. This avalanche effect can lead to arcing and
destruction of the tube.

Grid Emission Current

To obtain emission, cathodes are coated with such materials
as barinm which, when heated, release electrons. Sometimes
a quantity of barinm will be evaporated from the cathode and
deposit on the grid. Tf the grid itself rises to a certain tempera-
ture. it can then act like a cathode, albeit a rather poor one,
It will emit electrons that tend to move toward the positively
charged tube electrodes (Fig, 1), such as the plate of a tri-
ode or the plate and sereen grid of a pentode.

IFrom the plate and sereen-grid circuits, these electrons will
return to ground. then move up from ground and through the
grid resistor hack to the grid itself. Since grid current is in the
same direction as when gas exists, it is another form of nega-
tive current and the voltage drop across the resistor tends to
make the grid more positive,

Heating of the grid is necessary to produce such emission.
Thus cathode temperature and plate dissipation are the two
principal contributing factors. A small reduction in either of
these produces a considerable reduction in emission-cansed
grid current. The value of grid bias, however, has little effect
where emission is a factor. Considering the magnitude of posi-
tive voltages normally applied to plates and sereen grids (100
volts or more). a bias change has little effect on the potential
difference between control grid and plate or screen grid.

Grid Leakage Current

A conducting bridge can be formed between the grid and
some other electrode in the tube. Sometimes this is a metallic
deposit on the mica spacer, connecting the grid holes and
some other electrode inserted into the mica. Sometimes the
bridge is formed by sublimation on the glass of the stem. Since
the grid is normally the most negative point in the tube, elec-
trons will move from it. The direction of conventional current
will once more be away from the grid—negative—making the
grid more positive.

Such leakage can be represented by an ohmic resistor be-
tween the elements involved. Grid-to-plate leakage is illus-
trated in Fig. 1D. When the tube is out of its circuit, there-
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fore. leakage is often independent of the direction of cirrent
and can be measured even in a cold tnbe without heating the
cathode. Its value varies little with temperature.

Measurement Techniques

The simplest. most straightforward wav of measuring aricd
current is by inserting a micrommnmeter between the grid and
the bias source. or hetween the grid and ground if cathode
bias is used. A grid resistor in series with the microammeter is
not necessary for this test, but is advisable for protecting the
instrinment in the event of a short.

The meter polarity will distinguish between positive and
negative grid current. In the case of positive grid current. as i
Fig. 1AL the negative pole of the meter mnst be connected to
the grid to obtain a reading: in the case of negative grid cur-
rent. the positive pole of the meter connects directly to the
grid.

Positive grid current should disappear after the bias is in-
creased beyond — 1.5 volts. If it persists after application of
a higher negative bias, it must be assumed that an a.e. signal
is superimposed over the d.c. bias, driving the grid into the
positive region. This signal can originate from an outside dis-
turbance or from oscillation in the tube under test itself. Un-
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Fig. 2. The four types of grid current as functions of bias.

wanted a.c. must be suppressed, or the test readings become
meaningless.

Negative grid current can usually be measured once the
positive current is eliminated; that is. if sufficient bias is ap-
plied to the grid. Since the values are normally quite small,
the sensitivity of the meter should allow for measurements
down to .1 microampere,

A d.eo vitvam, with very high input resistance can be used
as an alternate measuring instrument. The voltage drop pro-
duced by grid current across the grid resistor is measured and
Ohm’s Law is used to determine the current. The high-im-
pedance microammeter is essentially the same as the v.t.v.m,,
with the difference that no additional resistor has to be in-
serted between grid and gromnd and that calibration is
directly in microamperes.

An indirect method of determining grid current, the bias
shift measurement, makes use of the tube under test as a kind
of vacnum-tube voltmeter in association with a meter move-
ment. With no resistor in the grid circuit, a current meter is
inserted in the plate circuit and plate current is noted. A re-
sistor is then placed in the grid circuit. If grid current is now
present. the bias will shift and plate carrent will also change,
in a direction depending on the direction of bias change. A
negative grid cnrrent (grid more positive, Fig. 1B, C, or D)
will produce a plate current increase; a positive grid current
{grid more negative, Fig. 1A) wilt decrease plate current. The
plate current change is determined by the following formula:

(Continued on page 84)
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Single

Sideband

2

Simplified

By R. E. BAIRD, W7CSD

Head. Electronics Dept.. Oregon Technical Institute

A basie look for

the ham or communications

technician and a non-mathematical deseription

of SSB with vectors.

HE woods are full of hams with SSB transmitters. Some

of these are people with five tlnunbs on each hand for

pushing buttons. They can also read directions as to
what to do after tuming dial “A.” adjusting meter "B,” and
pushing switch “C.” Let’s hand it to the conmnercial boys for
putting out a product that the non-technical ham can operate
without spreading chaos over the whole band.

However, there are many hams who would really like to
know just what is taking place in their rigs—whether “store-
bonght” or constructed from plans published in a magazine
or handbook. While it is comforting to know that the equip-
ment is working all right. there are some hams who would
also like to know what they are doing and why.

This article is presented in the hopes of removing a little
of the fog surrounding the subject of SSB. We are not going
to try to develop any exotic circuitry, We will discuss circuits
that are both commonly used and casy to understand. The
more complex circuits are simply elaborated versions of the
basic theory—so it makes sense to learn the simple circuits first.

Little Known Facts About AM
Before diving off the deep end to start an exploration of

SSB, perhaps it would be well to review what we know (or

Fig. 1. Carrier and sidebands shown separately and in combination.
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don’t know) about AM. At the risk of becoming very unpop-
nlar, we are going to disillusion a few people about some
things they have believed all of their lives. It is to be hoped
that the shock doesn’t drive anybody to permanent c.aw.! But,
the fact remains, on AM the amplitude of the carrier is con-
stant. It does not change. I can hear you saving it now—"1
have been watching the amplitude change on my oscilloscope
for the last umpteen vears and those electrons don't lie.” Very
true, but vou haven’t been looking at the carrier alone. You
have been looking at a composite of the carrier plus the two
sidebands. The composite signal does double on the positive
peaks and reduce to zero on the negative peaks with 100%
amplitude modulation. But the carrier alone does not change
in amplitude.

If vou have a very selective receiver and a good oscillo-
scope vou can actually apply modulation to the transmitter
with, say, a 3000- or a 10,000-cps pure tone and pick out the
lower sideband, the carrier, and the upper sideband in the i.{.
section of the receiver. If you tune to the carrier frequency
vou will note no change as modulation is applied. Of course,
the sidebands will change.

An attempt to reproduce the three pictures is illustrated in
Fig. 1. In Fig. 1A, we have the components that make up
100% modulated AM. Actually all three should be sine waves
in shape. At any rate, assuming we could draw a sine wave of
the carrier at, sav, 3900 ke. and the sidebands at 3910 ke. and
3890 ke. respectively, we could actually add all three waves
together instant by instant and come out with the well-known
modulation pattern shown in Fig. 1B, the sum of the threc
signals. This is what your oscilloscope sees.

Fector Representation

Now we have to dig back into the theory of a.c. circuits a
little in order to draw any pictures that will have meaning
when we talk about single sideband. We have to show that an
a.c. voltage or current can be represented by a rotating vec-
tor. Going back to the beginning, the reader will rec()gni'/.c
that if we rotate a conductor in a uniform field, as in Fig. 2
the greatest number of lines of force will be cut per unit of
time when the conductor is passing point “A” because at that
point the (lnectl()n ()f motion is per pendlcnhr to the lines of
force. At point “B,” the direction of motion is parallel to the
lines of force ‘lll(] hence none are being cut. Between these
two points the conductor will be cutting lines of force on a
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slant. The generated voltage in the conductor, when plotted
against time (and in this case position), will give the well-
known sine curve, Fig. 2B.

Now suppose for some reason or other there was a second
conductor spaced some distance behind the first conductor
(let’s take a spacing of 90 degrees). In this case the second
condnctor would also generate a sine wave of voltage but it
would occur later than the first. Since one cvele is equal to
360 degrees, we can also calibrate the horizontal axis in de-
grees and the second sine wave would appear 90 degrees
later than the first sine wave. See Fig. 3A. Now again suppose
we wanted to connect these two conductors in series and et
the sum of the two voltages. In this case we would merelv
have to add the instantancous values at each point and we
could get the third somewhat larger curve. It would be a
little inconvenient to have to get involved in all this curve
drawing every time we wanted to get the sum of two a.c.
voltages. There must be a simpler way and here is where the
use of vectors comes into the picture.

A vector is any quantity that has both magnitude and direc-
tion, usnally represented by an arrow drawn to scale at a
certain angle. If we are considering a single voltage we could
use any position as a reference. For example, we could use
zero degrees as a reference. So, in the case of the first con-
ductor mentioned above, we could draw a vector of maximnm
length at zero degrees to represent the voltage at zevo degrees
or point “A” in Fig. 2. The instantancous voltage 43 degrees
later would turn out to be 707 times the maximum value. At
90 degrees the instamtancous value wonld be zero, and so on
for as many positions as vou care to take. However, instan-
tancons values are not very convenient to work with and
usually more than one voltage (or current) is under consid-
eration at once. For this reason, the effective or r.m.s. values
are nsually used.

Althongh all of the vectors are rotating, we usually take
one as a reference and refer the others to it. If all of the volt-
ages are at the sume frequency there is no change in angle
hetween the vectors and so we can draw a stationary picture,
Perhaps a concrete example will clarify the matter.

Let voltage “A” in Fig. 3A be tuken as the reference. Let’s
assnme that the r.an.s. value is 10 volts, as read on a meter.
We can now lay this off 10 units on the zero reference axis.
Voltage “B” in Fig. 3B is 90 degrees behind “A” (tradition-
ally in mathematics, positive rotation is taken in the counter-
clockwise direction), so we lay off 10 units 90 degrees hehind
“A” or straight down. If we apply the parallelogram rule we
find the result to be approximately 14 volts. This is actually
what a voltmeter would read if the two conductors in the
above example were connected in series.

Now Back to 4M

Going back to Fig. 1A, we find that we have three a.c. sig-
nals to be added together. If we do this by vectors rather than
by combining sine waves, it will be much easier to understand
some of the aspects of SSB later. We have a slightly different
situation than in the above example in that the frequencies are
not all the same. So let’s use the carrier voltage as the refer-
ence.

In this case, the npper sideband which is higher in fre-
quency is rotating faster than the reference or is rotating in
a counterclockwise direction with respect to the carrier. The
lower sideband is lower in frequency and is rotating slower
than the reference or is rotating in a clockwise direction with
respect to the carrier. Fig. 4 shows the vector sum of the side-
bands and the carrier for several instants of time. Fig, 4A
shows an intermediate value in the neighborhood of 607 posi-
tive modulation. In Fig. 4B, the sidebands cancel and the
total amplitude is equal to the carrier alone. Fig. 4C shows
60% or 70% negative modulation while in Fig. 41D the side-
bands add directly and oppose the carrier, resulting in zero
amplitude or 100% negative peak. Fig. 4E shows a low per-
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Fig. 6. Block diagram of SSB rig employing phasing method.

centage of negative modulation. In Fig. 4F we are back to
carrier level again and Fig. 4G shows a low value of positive
modulation. In Fig. 4H the sidebands add directly and in the
sume direction as the carrier, making a 100% positive peak.

The Balanced Modulator

In general there are two SSB systems in common use, the
filter svstem and the phasing system. Both methods require a
balanced modulator which removes the carrier, So let’s sec
what goes on in a balanced modulator,

There are several tvpes of balanced modulators, but per-
haps the casiest to understand uses two pentodes with modu-
lation applied to the screen grids. This avoids getting more
than one kind of signal on any one grid. Fig. 5A represents
the balinced modulator before modulation is applied and
this circuit merely removes the carrier. At first glance this may
look like a standard push-push output doubler. The only dif-
ference is that both the grid and plate circuits are tuned to
the same frequency. As one grid goes in the positive direction,
driving its plate to greater current, the other grid is going
negative, driving its plate lower in current. The two plate
current changes cancel each other and hence nothing comes
out at the output.

This is the method of removing the carvier from the SSB
transmitter. The amount of carrier suppression is determined
by the match of the two tubes and possibly by some external
balancing controls. We will assume that the ideal situation
of perfect cancellation exists.

Now let’s apply some modulation, Fig. 3B shows the same
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circuit as Fig. 3A but with a modulation transformer con-
nected in push-pull to the two screen grids, Let us assume
that the positive half of an audio cycle is reaching the screen
grid of the upper tube. At the same time the negative half
of the audio cycle reaches the lower tube. This will increase
the plate current of the top tube and decrease the plate cur-
rent of the lower tube at the audio frequency, thus unbalanc-
ing the circuit. There will now be a resultant r.f. energy
output across the output.

Now just what kind of r.f. energy will this be? Actually we
are amplitude modulating both tubes; there are two carriers
and two sets of sidebands. Remembering what has been said
about AM previously, we know that the carriers stay at con-
stant amplitude during the process of modulation and there-
fore remain canceled in the output. So the only energy that
can appear in the output is sideband energy. If we had modu-
lated the screens in parallel, evervthing would have canceled
out, but by applving the modulation in push-pull the phasing
is such that we come out with both sidebands and no carrier.

Getting Rid of One Sideband

From the balanced modulator we have two sidebands. In
order to have single sideband we must remove one or the other
of these two sidebands and have only one remaining. The
simplest method of doing this is by means of a filter. If a band-
pass filter can be designed so that it will pass one sideband
and reject the other, we have one possible answer, Such fil-
ters have been designed, and several commercially built ham
transmitters use this system. The filters are availuble sepa-
rately for those who wish to home-brew their own. It is a
formidable job to design and build such a filter although the
use of surplus crystals brings this chore within the realm of
possibility for the enterprising ham. The main drawback to
the filter svstem is that, to get effective filtering, they have to
be bnilt for just one frequency and this is usually a rather low
frequency. In order to get output on the desired ham band
it is necessary to use heterodyne action and special mixing.

The alternate method of removing the unwanted sideband
is the phasing method. This system is widely used but not too

(Continued on page 64)

Fig. 7. Vectors showing the operation of the phasing method.
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MULTIPLEX
SIGNAL GENERATOR

By THOMAS E. REAMER

Construction of a service instrument that
develops a composite stereo signal for the
alignment of multiplex adapters or the
multiplex circuitry in tuners or receivers.

INCE FM stereo broadcasting began over a vear ago,
there has been a constant growth in the number of
multiplex adapters and multiplex tuners reaching the

consumer market. Some of this equipment may now be in
need of adjustment and the service technician must be pre-
pared for it. This means a special generator to duplicate the
signal at the multiplex ontpnt jack of an FM tuner.

Evaluating and adjusting multiplex circuitry by using
broadcasts from FAI stations is unsatisfactory because of the
sporadic and inconvenient timing of test tones. A commercial
multiplex signal generator would be the answer, but unfortu-
nately they are quite expensive. A practical approach to the
solution of the problem is to build vour own generator. A gen-
erator built by the author to service multiplex adapters and
multiplex circuitry in FM tuners and veceivers is shown in
Figs. 4 and 6.

Signal Generator Requirements

FM multiplex broadcast standards reguire that one channel
contain the sum of the left and right andio (L -+ R) and that
the second channel carry the andio difference (L— R) signal.
The L+R signal modulates the FM carrier directly hut the
L — R signal amplitude modulates a 38-ke. carrier; the 38-ke.
carrier is suppressed and its sidebands modulate the FM car-
rier. An accurate and correctly phased 19-ke. pilot carrier is
also transmitted for subsequent reinsertion of the 38-ke. car-
rier at the receiver.

The signal produced by a gencrator should duplicate the
output at the detector (before the de-emphasis network) of
an I'M tuner, This signal includes the sidebands of the audio
modulated 38-ke. carrier (L— R) and the 19-ke. pilot carrier.
There should be an input to the generator so an externally
generated audio signal can be used to modulate the left or
right channels or both simultancously.

Performance data for this generator are shown in Table 1.
The audio-frequency range for best performance is about
20-5000 cps but a 10-ke. signal may be used if corrections
for generator distortion are made. The channel separation
measurements were made with the oscilloscope pattern of the
composite output withont the 19-ke. pilot. An audio signal
was fed to either the left or the right channel. The total signal
peak-to-peak voltage was compared to the amplitude of the

February, 1963

crosstalk signal above and below the zero-voltage line. By
adjusting the balance controls on the front panel of the gen-
erator for each audio frequency, the separation can be con-
siderably improved. The distortion measurements were made
with a 15-ke. low-pass filter at the output of the generator and
the 19-ke. pilot turned off. Some 38 kc., however, came
through the filter and raised the distortion figures slightly.
The output level was also measured with the 13-ke. low-pass
filter inserted and the 19-kc. pilot turned off.

Total residual output without any audio modulation and
without 19 ke. was 0.02 v, rams., all 38 ke, (Before the in-
stallation of the 53-ke. low-pass filter, L2, appreciable 76
ke, was coming through.) When fed a 19-ke. pilot from a
broadcast station, the generator oscillator frequency is about
19 ke, =2 eps. The composite output voltage is 2-3 v. r.m.s.,
sufficient to drive most multiplex adapter circuits.

Signal Development

Significant points in the block diagram of Fig. 3 are keved

LEFT INPUT RIGHT INPUT-1000 CPS

(C) (L +R)

”I.'! I! 1'"
L

(F )} COMPOSITE OUTPUT
WITH I19KC.

(F) COMPOSITE OUTPUT
WITHOUT I9KC.

- - - W W e - e - - W - W - - - -

Fig. 1. Waveforms show development of composite signal when
1000-cps signal is fed to right channel and no signal is fed to left
channel. Letters refer to points in block diagram shown in Fig. 5.

with circled letters to the oscilloscope waveforms in Figs. 1
and 3 to show how the output signal is developed.

Assime that an andio-frequency sine-wave voltage from an
external oscillator or the 1-ke. internal oscillator is applied to
the right-channel input, B, in Figs. 1 and 3. The signal enters
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’ Fig. 2. Complete schematic of signal generator. The 1-kc. avdio
oscillator, which comprises V6 and associated circuitry, may be
LA omitted if you are planning on using an external audio oscillator.

4 3 3

©|
Y

T4

J Lsm o st

RI-—100.000 ohm linear-taper pot
R2.RINRII---220.000 ohm, ' w. res.
R3--12.000 ohm, V3 w. res. = 5%
Rt 2200 ehm, Vy w. res. = 57;

R3.R21LR24.R31.RII.RIV—1 megohm, Y2 w.
res.

R6.RT-—22000 ohm, V w. matched res.

RERORIG.REG-— 10,000 ohm. Yy w. res.

RIZRI4—150.000 ohm, V) w. res.

RI3-— 10,000 ohm, linear-taper pot

RI5-—220 ohm, | w. res.

RI6. R28.RIS—47,000 ohm, Vy w. res,

RI7.RI18—6800 ohm, 13 w. matched res.

R20,R40—1 megohm, linear-taper pots: con-

centric shafts. Centralab FI1-51 and R2-51
or equiv,

R22.1\’23.RJII.RJZ.RJI.RM.RI.?- 22,000 ohm,
g w. res.
R25.R26,R35.R39- 68,000 ohm. Vi w, res.
e G
R27--250,000 ohm linear-taper pot
R20—68.000 ohm, 42 w. res.
56

matched res.

R33-— 1500 ohm. 5 w. res.

R35-— J0.000 ohm lincar-taper wirewonnd pot
R37.R42- 22,000 ohm, V) w.

RI5-—330 ohm. 13 w. res.

R16,R19- 100,000 ohm, ', w. res.

R47 6800 ohm, Y w. res.

R51- 4000 ohm, 1) w, res.

R52,R33- 2000 ohm, 10 w. res.
R34--200000 ohm, '3 w. res.

C1 o0l pf., 400 v, mica capacitar

C2.C4.C31—.
C3.C9.CH.CI5.C26.C28

capacitor

Cs

C6,CI12.C13

001 pf. 400 v,

001 uf. 400 v, disc capacitor
015 uf. 400 o,

C7.C8.C16,C18.C24.C25.C27,C29-
v. Mylar capacitor

cinci
cli

19470

C20,C21-—-300 puf..

Ton puf..
002 uf..

nauf..

00 .

€22 .15 uf.. 100 v, Mylar capacitor
C23—.5 uf.. 200 . Mylar capacitor
C30-—.04 uf., 600 v. Mylar capacitor

mica capacitor
A uf. $00 v, Mylar

mica capacitor

-

uf., $00

00 v. disc capacitor
Y00 p, disc capacitor

mica capacitor
400 v. mica capacitor

www americanradiohistorv com

C32.C33.C35 40-40-40 pf., 450 v, elec. capac-
itor (Sprague TV0-3787 or equiv./

C34 .05 uf.. #00 p, disc capacitor

T1.T2.T3—38-ke. output transformer (Miller
1353 or equiv.)

T4—Power trans. pri: 117 v.: sec: 800 v.,
t. @ 65 ma.. 6.3 v. @ 2.7a. (Triad R-54

or equiv.)
S1—3.p.5 pos.
82—8.p.s.t. switch on rear of R
LI—19-ke. locked-oscillator coil (Miller 1354
or equiv.)
12— Low-pass filter (Miller 1351 or equiv.)
1.3 -2 1.3-hy., 100-ma.. 95-0hm tapped
choke. (Triad C26\X or equiv.)
F1—', amp fuse
J1 1203 Phano jack
SRISR? Silicon diode. 750 ma..
(IN207] or equiv.)
PLI-—-NE-51 neon lamp or Dialco 249-7841-937
assembly (eliminate RS54
VIV VS Ve 124074 tube
V2—6J18 tube (G-E)
V4 12AX7 tube, V7042 tube

ceramic rotary switch

600 p.i.v.
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phase-splitter V3A from which the non-inverted (cathode-
follower) output goes to matrix junction C and then to junc-
tion F. The inverted signal from V5A goes to matrix junction
D and then to the suppressed-carrier modulator. The 38-ke.
suppressed carrier output. a series of elliptical modulation
envelopes (FE, IFig. 1) goes to juuction F where it is com-
bined with the 1-ke. audio signal from C to form a series of
alternately inverted semicircular modulation envelopes (F,
Fig. 1).

An additional signal, the 19-kc. pilot carrier, of low ampli-
tude, is also sent to junction FF. The signal at F is shown at the
bottom of Fig. 1 with (left) and without (right) the 19-ke.
signal. The final output at ¢ (Fig. 3) is the same as at F ex-
cept that it is inverted.

If, on the other hund. the andio input is fed to the left
channel input (A), the signal is divided but not inverted. One
signal goes through cathode-follower V3A to C then to F.
The other ideutical signal goes through another cathode fol-
lower (V3B) to D, to the suppressed-carrier modulator, and
then to F. The appearance of this signal at I on the oscillo-
scope is superficially identical to the signal obtained from the
right-channel input described above. The significant differ-
ence in the two signals is that the 38-ke. modulation differs in
phase by 1807 in the left and right iuput waveforms.

If audio signals of different frequencies are fed to both the
left and right channels, an interesting scries of interactions
occurs. Refer to Figs. 3 and 3. The resistor matrix at C linearly
mixes the L and R signals and produces waveform C in Fig.

Fig. 3. Development of composite signal when a 100-¢ps signa! is
fed to left channel and a 700-cps signal is fed to right channel.

LEFT INPUT-I00CPS RIGHT INPUT-700CPS

(E) (L-R)} MODULATED

(F) QUTPUT WITHOUT [9KC.
February, 1963

A20, R40, 52

RI3 PLI R27 R35 J3
Fig. 4. Author's generator has provision for output-level meter.

LEVEL

SWITCH POSITIONS CATM -FOLL O]
1— EXT INPUT NORMAL vég COMPOSITE
ouTPUT
2- EXT INPUT REVERSED A
LEFT -
o 3~ LEFT CHANNEL IKC.
4~ RIGHT CHANNEL IKC.
53KC
A sontess
~
o G FILTER (L2)
GAIN
SELECTOR BALANCE
WwITC L4R
catm-FoLL |t LS R27 ()
2N R2S R29
R39 R28
R
Prrran SUPPRESSED~
SPUTTER [ _p e
VSa MODULATOR
" o x Vig, V2
3 ; rR383 L
P ® 13K¢
Gan = LLLE3
DOUBLER
CAT FOI
n-FoLL|L T 19KC.
RIGHT L JCATREFOLLL L "
INPUT " v 444 LEVEL

19%C INVERTER
OSCILLATOR
Vig VAT

19%C 19%C.
SHS (0——,l E L—o’ ) fesi

Fig. 5. Block diagram. Circled letters refer to Figs. 1 and 3.

3; this is the (L4 R) signal. A similar linear mixing occurs at
D except that the right-channel input has been inverted. This
is the [L+ (—~R)] or (L—R) signal. This signal is fed to the
suppressed-carrier modulator, the output of which is a series
of elliptical envelopes of differing amplitude (E, Fig. 3). The
signal is then combined with the (L.+R) signal in matrix F.
The resulting complex waveform () bears a superficial re-
semblance to the two original audio frequency inputs (Fig.
3, Aand B). Added to this composite signal is the 19-ke. pilot
carrier.

Pilot and Subearrier Phase Relations

The phase relationship of the 19-ke. pilot and the 38-ke.
subcarrier is specified by the FCC; that is, the 38-kc. sub-
carrier must cross the time axis with a positive slope each
time the 19-kc. pilot carrier crosses the time axis in either
direction. This gencrator produces a signal that conforms to
this requirement. When the L— R signal is positive (Fig. 1,
D, third and fourth quadrants of audio sine wave) and the
19-ke. and 38-ke. signals are considered before mixing at F,
the 38-ke. signal crosses the time axis with a positive slope
each time the 19-ke. signal crosses the time axis in either di-
rection. The appearance of the 19-kc. and the 38-ke. signals
after linear mixing at F is an amplitude modulated 38-kc.
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signal as shown in Fig. 1, F (right half of left waveform) and
expanded in Fig. 7, right.

When the L— R signal is negative (Fig. 1, D first and sec-
ond quadrants);, the 38-kc. signal will cross the time axis in a
negative-going direction when the 19-kc. signal crosses the
time axis to produce a modulated 38-ke. signal of the form
shown in Fig. 1, F (left half of left waveform) and expanded
in Fig. 7, left. The suppressed-carrier modulator circuit con-
sisting of V1B, V2, and T3 shifts the phase of the 38-kc. signal
180°. Switching tube V2, and the tuned circuit consisting of
T3, C12, and C13, in effect, shift the phase of the incoming
38-ke. signal from 72 by = 90 depending on the polarity of
L —R as described above. The phase of the 19-ke. signal is not
changed as it is mixed with the 38-ke. signal after the switch-
ing circuit at F in Fig. 5.

However, for a left-channel input to the generator, the
L —R audio signal at D, Fig. 1, is inverted, i.c., the positive
L—R falls in the first and second quadrants, and the negative
L—R in the third and fourth quadrants. In the final compos-
ite output, the two amplitude modulated 38-kc. signal wave-
forms shown in Fig. 7, are also reversed right for left.

In summary, the structure of the modulated 38-ke. signal
has two well-defined forms, one for a positive L — R and a sec-
ond for a negative L — R, as shown above. The external shape
of the composite envelope, however, depends upon the form
of the audio-input signals and may be quite complex for dual-
channel voice or music.

An interesting experiment is to reinsert a 38-ke. carrier sig-
nal in the proper phase with-the generator output with a 1-kc.
right-channel only input, As the 38-ke. is slowly applied, the
semicircular envelopes are changed into a modulation enve-

v?
- " L3

W@

vé ==

?
’i

e N v2
T2 r ~
o ~

Svi T3
¥
e\ ®rr e 14@ « AR
[V -
Y R 2 -
’. e A H ¥ a
A : 1
b f: = 5 S|

*

Fig. 6. Top view of chassis. Do not position choke L3 too near T4.

Fig. 7. Enlargements of left (left) and right (right) halves of waveform of Fig. 1F
shows mixed 19-kc. and 38-kc. frequencies when L — R is negative {left] and
when L—R is positive {right). Audio signal is applied to the right channel only.

Table 1
FrequencyI Channel | Output Harmonic | Output Level db
cps | Separation | Distortion % (**) |(1 ke. = 0 dh)*
db -
left | right| left right | left | right
20 25 |21 | — — |-25( -25
40 20 | 22 | 20 1.65 '-‘1.6| 1.0
400 20 [ 28 | 19 18 | 0 | ©
1000 | 21 | 26 | 1.8 15 | 0| 0
1000* | 24 | 27 | 1.75 14 |0 | 0
3000 | 16 | 18 | 14 125 | 0 | " ©
5000 | 14 | 16 | 1.7 | 15 | 10| 10
10kc. | 14 | 14 | 80 60 |-40| —20

No-input residual output: 0.02 v. r.m.s., 38 kc. (19-ke. o_ff).—"lnt?nal
1-kc. osc. amplifier flat from 20 cps to 40 kc., down 1 db at 50 kc.
**Measured with 15-kc. low-pass filter at generator output; 19 kc. off.

lope that is flat on the top, but at the bottom (Fig. 8) clearly
shows the shape of the original audio frequency. Reinsertion
of the 38-ke. signal as above but with only a left-channel in-
put produces a modulation pattern that is flat at the bottom
but modulated at the top. Some multiplex adapters reinsert
the carrier in this manner and detect the output to recover
the audio information.

Circuit Description

The complete schematic of the signal generator is shown in
Fig. 2; a few sub-circuits deserve detailed discussion. The
suppressed-carrier or double-sideband modulator has Deen
experimented with by radio amateurs. Don Stoner in his book
“New Sideband Handbook” shows several circuits for pro-
ducing this form of modulation, including push-pull balanced
modulators, ring modulators using solid-state diodes, and
beam-switching tubes. Stoner’s enthusiasm for the beam-
switching tube and his method of d.c. balancing the deflection
plates convinced the author that this is a worthwhile circuit.
As you can see in Fig. 4, d.c. centering control R13, “Balance,”
is mounted on the front panel to permit rapid touching up
of symmetry of the composite-output waveform. T'3, Fig. 2,
serves as the output transformer (its primary is tuned to
38 ke. by C12, C13) for the 6JH8 switching tube. A single
triode, V1B, acts as a phase splitter for the 38-kc. carrier.
An interesting result of suppressing the 38-kc. carrier is that
a complete modulation envelope occurs every time the
modulating signal crosses the time axis (Fig. 9). Reinsertion
of the 38-ke. carrier in a multiplex adapter restores the sup-
pressed-carrier modulation envelope to the familiar forin
found in conventional AM modulation.

The 1-kc. internal audio oscillator, VBA, is a Colpitts
circuit. By applying the signal at the top of inductor L3
(rather than at the plate of V6A) to V6B, the harmonic dis-
tortion is reduced. The B+ supply to this oscillator is dis-
connected by switch S1C when it is in the “Ext. Nor.” and
“Ext. Rev.” positions to avoid leakage to the input circuits.

(Continued on puge 68)

Fig. 8. 38-kc. subcarrier added to right-
channel generator signal puts audio at
bottom. Left-channel input puts it at top.
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THE CS-3 SOUND COLUMN SOLVES EXTREME REVERBERATION
PROBLEMS WITH EXTREME EASE AND ECONOMY.

l;: s
"'i.' o,

’ v

Here's the newest way to rid yourself of P.A. installa-
tion headaches in problem areas. Use the new Uni-
versity CS-3 Sound Column! It's specially designed to
meet moderate power requirements—ALL AT A PRICE
FAR LOWER THAN YOU'D EVER EXPECT FOR SUCH
PERFORMANCE.

How? Easy—and with the same superb engineering
and quality control that goes into all the Uniline
products. With the CS-3 you get: [ superb speech
reproduction in moderate-size areas; [ excellent
music in high reverberation areas; [] extremely wide
sound coverage; [] the complete answer to feedback
difficulties. And, as with all Uniline Sound Columns,
the CS-3 is ACOUSTICALLY TAPERED to prevent high

frequency beaming...a University exclusive!

And don't forget another important characteristic
of the CS-3: High ‘A’(High Audibility), which is evidenced
by a considerable decrease in distortion, improving intel-

UNIVERSITY
PROUDLY
ANNOUNCES
ANOTHER
SOUND
SOLUTION:
THE
UNILINE
053 |
SOUND
COLUMN!

MODEL CS-4 gt
UNILINE SEEs
(Right) S
i
MODEL UCS-6 BIimIiioic
UNILINE
(Far Right)

n

I

T - ——
==Essem
T
===
=
e
e
e
e
e
=
B
R
| === | T
=T i
e S

in high reverberation areas auditoriums, terminal
waiting rooms, industrial areas, gyms, pools and
churches)...FOR UNILINE SOUND QUALITY AT IN.
CREASED SAVINGS...choose the CS-3, University's
newest (and lowest-priced) addition to the Uniline
Sound Column family. $89.95 dealer net.

SPECIFICATIONS:
MODEL CS-3—(equipped with special elliptical hi-fi
speakers and two tweeters for music and speech appli-
cations; tapered for use in clusters)

Frequency Range .................. 150-10,000 cps
Power Capacity ....................... 25 watts
Impedance ........................... 16 ohms
Vertical Angle ............................ 22°
Horizontal Angle . ... ................ .. .. 120°
Dimensions ................... 48” x 712" x 8%~
Shipping Weight ........................ 33 Ibs.

For complete details, write: Desk S-2.

ligibility and increasing listener comfort. This is particu-

farly noticeable when standing or sitting close to the sound UNIVERSITY
source, for, as you know, conventional loudspeakers tend
to ‘blast’ under similar circumstances. LOUDS PEAKERS

So, for optimum dispersion (at all frequencies), for uni- 80 SOUTH KENSICO AVE., WHITE PLAINS, N.Y.
form sound levels (within the beam), for speech and music A Division of Ling-Temco-Vought, Inc.
February, 1963 CIRCLE NO. 164 ON READER SERVICE PAGE 59
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all find Heathkit test equipment quality and

Industry Production and Design professionals put Heathkits
to work in their factories and laboratories for high perform-
ance at low cost. Typical Heathkits used are: 10-10 3" DC
Oscilloscope,$79.95 . . . IM-11,world's largestselling Vacuum
Tube Voltmeter, $24.95 . . .16-82, Sine & Square Wave Gen-
erator, $51.95...1P-32, Variable-Voltage Regulated Power
Supply, $56.95...1P-20, Hi-Current, All-Transistor, Regu-
lated Power Supply, $72.95...1M-30, Laboratory Transistor
Tester, $54.88 .. .1M-21, Vacuum Tube Voltmeter for preci-
sion AC measurements, $33.95.

60

Technicians around the world put Heathkits on their service
benches for rapid, precision measurements...complete
trouble-shooting facilities at lowest cost. Typical Heathkits
used are: IM-32, Service Bench Vacuum Tube Voltmeter,
$32.95...10-12, Wide-Band 5" Oscilloscope, $76.95...TT-
1A, Mutual Conductance Tube Tester, $149.95...16G-62,
Color Bar and Dot Generator for Color TV servicing, $64.95
... 1G-52, TV Alignment Generator, $54.95...1T-11, Deluxe
Capacitor Checker to test capacitors of all types, $29.95...
See the complete line in the Heathkit Catalog.
ELECTRONICS WORLD
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economy stacks up best

Hobbyists of all kinds find Heathkit test equipment invaluable for
pursuing their hobbies with refined techniques. Audiophiles,
amateur radio operators, kit builders of all kinds use these Heath-
kits in their workshops: 10-21, General Purpose 3" Oscilloscope,
$49.95 ... MM-1, Sensitive Volt-Ohm-Milliammeter for all-purpose
measurements, $29.95...1T-21, Tube Checker for fast tests of
tubes of all types, $44.95...1G-102, Radio Frequency Signal Gen-
erator, $27.95...1G-72, Audio Signal Generator, $41.95...1P-12,
Low Ripple Battery Eliminator, $47.50.

Who is Heathkit?

Heathkit is the pioneer and
world's largest manufacturer
devoted exclusively to the de-
sign and manufacture of do-
it-yourself electronic kits. All
our efforts are aimed at creat-
ing more kits, better kits,
easier-to-build kits.

What are Heathkits?

Heathkits are electronic equip- q"'"' - =._-'"=i.

ment in un-assembled form.
All parts are packaged in
convenient groups and com- 4
plete, easy-to-read, well-illus- k - =

E..,: ?; 1___‘_-_‘-_ ot
trated instruction manual tells )‘tlg iy
you how to put them together. % i
Heath offers over 250 kits from %ﬁ-‘f oy A

simple portable radios to big
analog computers.

Who builds Heathkits?

Millions build Heathkits. Peo-
ple with absolutely no mech-
anical ability or knowledge of
electronics as well as skilled
electronic experts—all find
value, economy, fun, relaxa-
tion, and pride of accomplish-
mentinHeathkits.Youcantoo.

TR

Money Back
Guarantee

Heath Company unconditionally guarantees that each
Heathkit® product assembled in accordance with our
easy-to.understand instruction manual must meet our
published specifications for performance or your pur-
chase prnice will be cheertully refunded.

The famous Heathkit guarantee — This money back guar-
antee stands behind every Heathkit. It guarantees that you
are getting equipment of the highest quality that will provide
years of use and pleasure. Equipment second to none.
Heathkit— world pioneer in the exciting hobby of kit building.

FREE 1963 Heathkit Catalog. Send for your
free copy of this new Heathkit Catalog ... it des-
cribes and illustrates the complete Heathkit
Test Instrument line .. . units for every purpose
... units of highest quality at lowest cost.

f e HEATH COMPANY
HEATHK'T Benton Harbor 15,

Michigan

by Daystrom

[] Please send my free 1963 Heathkit catalog

NAME

ADDRESS

CITY, ZONE
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19-K¢. FILTER

By THOMAS E. REAMER

Construction of a filter that enables you
to use the 19-kc. pilot from a

stereo broadcast as a frequency source
for a multiplex signal generator.

Fig. 1. Top view of chassis shows the arrangement of components.

19-kc. signal that meets the FCC’s tolerance regnire-
A ment of = 2 ¢ps must be provided for the correct
alignment of multiplex adapters and multiplex cir-
cuitry when using the signal generator described on page 33.
An oscillator circuit with a close-tolerance 19-ke. crystal
would meet the requirement, however, such crystals are often
available only on special order and are somewhat expensive
(820 and up). A good solution to the problem at this time
is to make use of the broadcast station’s 19-ke, pilot carrier
that is transmitted with an FM multiplex program. This
19-ke. pilot carrier frequency-modnlates the main FAL carrier
by 8 to 10% and can easily be separated from it with a sharp-
v tuned 19-ke. filter conmected to the detector outpnt of an
INI tuner. A filter of this tvpe was built by the author and
is shown in Figs. 1 and 2,

Operation

The incoming signal of mixed frequencies is amplified by
V1A (Fig. 3) and fed to a double-tuned transtormer, T'1.
This transformer is normally used at 38 kc., but by selecting
values for C3 and C4, it will operate satisfactorily at 19 ke.
The attenuation, at the grid of V1B, of frequencies other than
19 ke, is shown in curve A of Fig. 3. After T'1, the signal is
amplified by V1B and is fed to another tuned circuit, L1, C8.
L1 is designed for use at 19 kc.; it further attenuates the
undesired frequencies as shown in B of Iig. 3. The output
of L1 goes to cathode-follower, V2. This particular tube
(12BY7A) and its associated circuit have a gain of 0.97,
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Fig. 2. Front view of author's filter shows location of controls.

which is quite high for a cathode-follower stage, The output
from V2 is routed to J2 via S1. A conmection is also provided
for viewing the signal on an oscilloscope. With S1 at “Input,”
the output of the tuner can be observed. At the “Tune”
position, the signal from the filter is sent to the oscilloscope
only and not to J2. At “Ontput,” the signal is connected to
both the oscilloscope and J2. The separate “Tune” position
is necessary as there is some feedback from the oscillator in
the signal generator that would distort the signal and make
sharp tuning difficult if it were done with S1 in the “Output”
position.

Resistor R2 (Fig. 3) is in scries with R1 as it was found
that the tuned circuits would sometimes break into oscilla-
tion when the resistance between the arm of R1 and ground
was less than 100,000 ohms. R2 does not degrade operation
as the gain control is normally operated at, or nearly its
maximum position. The power supply is a conventional full-
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Fig. 3. Undesired-frequency ottenuation at V1B (A) and at V2 (B).
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Fig. 4. Test setup for multiplex signal generator and the filter.
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TUNER
INPUT
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170V. \j
FiI s2 +|Ci2
o—en—0 ~ eLI o (TuRE]
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RI2
uTvV.AC, . o
=
-
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Tl 3%-ke. ossput transformer (4, W, Miller
R1 1 megohm linear-taper pot 1385 or equiv.)
R2.R6 —100,000 ahm, Yy w. res. 72 —Power trans. Pri: 117 p.: sec: 250 v c.t.

RIRS.R8—1 megohm. Yy w. res.

R4—1000 ohm, V3 w. res.

R7—680 ohm, Yy w. res.

R9-—-39.000 ohm. V2 w. res.

RIOR 112500 ohm, 10 w. res.

R12--200.000 ohm. 'y w. res.

C1oCTC9—.02 uf., $00 v, capucitor

C2.C6—.5 uf.. 200 v, capacitor

C3.C4—.003 pf., 400 v.. * 535G, mica capacitor

CS—430 upf.. 400 v. mica capacitor

C8 —.01 uf., 400 v., 254 mica capacitor

C.CHLCI2—=20-20-20 pf., 450 v. elec.
pucitor (Sprague TVIE-3780 or equiv.)

ca-

Fig. 5. Filter schematic,

@ 25 ma.,
or equiv.}

L1—19-ke. locked-oscillator coil (J. W',
1354 or equiv.)

SRISR2—Nilicon diode,
(IN2071 or equiv.)

81— 2.p.3-pos. rotary switch

N2 -S.p.sa. switch on R

FI—y amp fuse

J1.J2 —phono jack

PLI—NE-51 weon lamp or Dislco 249-7841-
937 assembly (eliminate R12)

VI—12AX7 tube, V2—I12RY7 A tube

6.3 v. @ I a. (Stancor I'S8414
Miller

750 ma.. 600 p.i.v.

I1f this circuit is to be incorporated in

the multiplex signal generator, its power supply may be omitted.

wave unregulated circnit. The filter is
built in an LMB W-1A cabinet with the
chassis moved down slightly to get more
room above it; a new bottom plate was
installed after the construction of the
unit was completed.

The 19-kc. output signal from the fil-
ter is about 4.3-G v. r.m.s., when it is
connected to a tuner with a 0.2-2.0 v.
output. The total gain of the filter is
about 100 when measured with a clean
19-ke. input signal from an audio oscilla-
tor. As 1-3 v. ram.s. is required to synce
the oscillator in the multiplex signal gen-
erator, the output of the filter is more
than adequate. The voltage data in the
tuble was obtained with three FM mul-
tiplex stations in a metropolitan area. At
low to moderate modulation levels, the
19-ke. output from the filter is very clean.
At high modulation levels, some wave-
{form distortion occurs but this does not
have a detrimental effect on the 19-ke.
output of the oscillator in the signal gen-

output will be 19 ke. 22 cps even
though it isn't synced with a pure sine
wave.

Hoe 10°s Used

The block diagram in Fig. 4 shows the
counections of the filter to the detector
output of an FM tuner, the scope. and
the multiplex signal generator. Set S|
to the “Tune” position and carefully tune
an M receiver, known to be in good
working order, to a station broadcasting
a multiplex program. Interstation noise
will cause a low-level tuzzy 19-ke. signal
to appear, but when the tuning is cor-
rect, the signal will be clean and of much
greater amplitude. Initial peaking of the
19-ke. signal ¢can be made by adjusting
T1 and L1. When S1 is set to "Output.”
and the scope connection is transferred
to the “19 Kc. Test” juck on the signal
generator. the oscillator in the signal
generator will be synced by the output
from the filter and will meet the FCC

erator; that is, the generator oscillator  tolerance requirement. A
Tuner and Filter Output Voltages for
Three FM Multlplex Broadcast Statlons [
Tuner output 19 ke. filter
Station Frequency (mc.) voltage range output voltage
| (r.ms.) (rms.)
A 949 | 0215 6.2
B 101.3 0.3-2.0 6.1
C 104.5 0.4-2.0 4.6
February, 1963
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Merrell

YOUR BEST BUY
IN HI-FI KITS

16 WATT STEREO AMPLIFIER

Model
2 —=SA-210

i.u ﬁ Ow

AMAZING PERFORMANCE

® Dual 8 watt amps with pre-amps
® & inputs for magnetic phono &
tape: tuner: crystal
¢ Response: 20 to $29'95
18,000 cycles cover $4.95
Nest-in Multiplex

Adoptor

$T-360

Pre-wired ‘“front end’’
Avtomatic frequency
control (AFC)
Pre-aligned I.F
transformers

Completely pre-wired
and pre-aligne
Mounts right into ST-
360 for built-in Mult-
plex.

o + .5 db 20 fo 20,000 cps
Hac 3495  $19.95

Cover $4.95
~— THE EASIEST
TO BUILD

o Complete assembly book and diogroms
» Over sized chassis makes easy wiring

o The finest components

# Also ovoiloble completely wired

# The best value dollor per watt avaoiloble

12 WATT
WILLIAMSON TYPE
AMPLIFIER MA-12

30 WATT STEREO
AMPLIFIER $SA-30

o=

w |;||ammn type e¢ir.

L Ero."_'.’,';“ amp  and . 8 inputs for mag-
. :nyo'llpomo 20 to 20,000 :;::‘: .t'::e. "'“Y‘;::'
o W - Reapante 20 to 20,000
:";' tuner; mike/ |, cBy:I':l‘leo-blcnd control
322” » 9 front panel ;;;OVI;

cover $3.95 cover $5.95

DELUXE 36 WATT

STEREO AMPLIFIER
SA-32

Complete witn case
Williamson type
ah inputs: tape; tuner;
phono. aux.

Front panel stereo hudnhonl jack

Response 20 to 20,000 ! $5 95
Low harmonic dllbr!lon

magnetic and crystal

-

with cover

Write for FREE brochure end nems of mesrent dis.
ributer fon

iy
Pric
BEpTL:
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THE INDUSTRY'S
ONLY COMPLETE

“LOOK-ALIKE” LINE
OF BOTH NEEDLES
AND CARTRIDGES!

150 Exact
Replacement
Cartridges

300 Exact
Replacement
Needles

Speeds your phono
service . . . assures consistent
high quality and complete
compatibility of needles and
cartridges. Inventory and handling
costs are cut to the bone. And the
industry’s greatest array of sales tools
~ cross-reference catalogs, wall charts,
displays and merchandisers — is
available to suit your requirements.
Ask your E-V distributor, or send
coupon for profitable details, today.

237N

ELECTRO-VOICE, INC,, Dept.

Single Sideband Simplifie<’ |

(Continued from page 34)

widely understood. And, by and large,
the literature leaves too much to the
imagination of the reader. They tell you |
that yvou must have a 90-degrec aundio
‘ phase shift in one place and a 90-degrec
r.f. phase shift in another. Sce Fig. 6.
| “And so at this point, dear reader, it must
| be obvions to vou that there are two sets
of sidebands and either the two nppers |
cancel and the two lowers add, or vice
[ verse.” Unfortunately most of the “dear |
readers”™ are not as clairvovant as might
be supposed. However, they pnt the
thing together and it works, Now let’s
see what really does happen.

The Phasing Method

The audio phase shifter is designed in
snch a wav that the modulation applied
to one balanced modulator will occnr 90
degrees in andio time later than that ap-
plied to the other tube. For example. at

[ the instant that a 100% positive peak is
occurring in one modulator the second
one will be going through zero; 90 de-
grees later the first will he going through
| zero and the second will be at 1007 posi-
tive: another 90 degrees later the first
will be at 100% negative and the second
will again be going through zevo, and so
[ ow. The r.f. phase shift is such that the
carriers introdnced to the balanced mod
ulators arrive 90 degrees in r.f. time ont-
of-phase.

Now. if we take this information and
draw pictures of it, we will be able to sec
how one sideband is eliminated and the
other retained. Fig. 7 represents condi-
tions at several instants of time. Although
we know that the carriers have been re-
moved by the balanced modulators, they
are inclnded in parts A throngh 1D be-
canse they preserve our reference vector [
and make the explation easier to fol-
low. ‘

Understanding is dependent on taking
a certain instant of time and observing all
of the things that are happening at that
instant. Then we will take several other
instants following the first.

Let us take the instant of time T when
carrier "A7 is modulated 100% positive

this is the same as Fig. 41). This vec- ‘
tor sum appears in Fig. 7TA. In this case.
we have drawn the “head” of the npper
sideband vector U, connected to the

‘tail” of lower sideband vector L1 in or-
der to make it easier to visnalize the total
amplitude. Since carrier "B” is modu-
lated 90 degrees later than “A.” if the
two carriers were in r.f. phase. it would

Sonar Slashes
Tube Prices!
WHY PAY MORE?

29

¢

each

$27 PER 100 ASSTD.

e Each & cvery tube is tested 1n our own lab for
mutual conductance and [ife test
e We guarantee FREE repiacement for onc year of
tube purchased from us which tails to tunc-
Fif.Cientiy under any or all operating cona.
t « Prampt refunds are made on any defective
merchandise
e The advertised tubes are not necessarily new
but may be clectrically perfect tactory seconds
or used tuhes —each is clearly so marked

FREE

Tube Substitution GUIDE
BOOK Free with Each Order
of $10 or More!

14A7 /3207
1486
Il.GT
WSAT
6sC7

FOR OUR FREE
& SPECHAL

14Q7
XXFMm 19
7748 19AVU4GT

COMPLETE LIST OF TUBES
PURPOSE TUBES

ALL TUBES SENT POSTAGE PAID. Please send SOc¢
handling tor orders under $5. Send 25 %, deposit on
€.0.0. orders. Send approximate postage on Cana-
dian and fo-cirn orde-

SONAR cuectron TUBE CO.

112 Martin Street

Paterson 3, N.J
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V.T.I. training leads to success

specialists in communications,

guided missiles. computers,

advanced courses in theory &

laboratory  Electronic En
neering Technology an ECPD
accredited Techn c

curriculum. Assoc. de
29 mos. B.S. also obtainabl
G 1, approved. Graduates 1n all

e — ] o
‘ ohvs mame of noarest distributor, | been slnt?ed f.)() (!_egroes 50 it actually ap- [ ::‘,{’;ol E;fg“;‘te C:,,m:::i‘.“}em_
| pears as in Fig. 7C at time equals T. It Write for catalog
l Name — - || we tuke these two signals (7A and 7C) VALPARAISO TECHNICAL INSTITUTE
| Address———— — — ] |and combine them, we have the vector Dept. RD. Valparaiso, Indiana
i G Se —————— | | diugram shown in Fig. 7. | LA :
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Since the carriers are actually removed
by the balanced modulators, the only
sum we are really interested in (Fig. 7TE)
is the sum of the sidebands. So at time T
we find that the upper sidebands of both
carriers “A” and “B” are in the some di-
rection and therefore add. The lower
siclebands of carriers “A” and “B” are in
opposite directions (180 degrees out-of-
phase) and therefore cancel. At T+45°
(Fig. 7F) we find that upper sidebands
of carriers “A” and “B” have both rotated
45 degrees counterclockwise and still
add. By the sume token, lower sidebands
of carriers “A” and “B” have both rotated
45 degrees clockwise and still cancel.
The same follows for T+90° (Fig. 7G)
or anyv other instant of time. So for all
instants of time we have an upper side-
band made up of the upper sidebands of
both carriers and no lower sideband. 1If
we reverse the connections on cither aun-
dio line, the upper and lower sidebands
would trade places and we would have a
lower sideband and no upper sideband.

It is the belief of this author that a
verbal deseription with any meaning is
nearly impossible when it comes to de-
scribing the phasing method of produc-
ing SSB. A vector description instant by
instant is the best way to show exactly
how one sideband is eliminated and the
other retained. So, if von are the proud
possessor of an SSB rig that uses the
phasing method. it is hoped that you now
know what the designers were doing
when they designed it. A

CLEANING SPEAKERS
ON SMALL RADIOS

By C. R. ZINCK

ECAUSE OF their extreme porta-
bility, transistor radios get taken
along everywhere, especially during out-
door fun in the summer. They will fre-
quently come ont second best after a day
at the beach, beeause sand particles have
lodged in the speaker assembly. One
wethod has been found very useful for
genting sand out.

Remove the speaker from the radio
and conueet it to the output of a small
audio amplifier. Feed the output of an
andio oscillator into the amplitier and
vary the frequeney until speaker reso-
nance is reached. which will be indicated
by maximum cone excursion. Keep os-
cillator ontput low at first, to make sure
that the power rating of the speaker is
not exceeded. With the tone applied as
noted, tarn the speaker with its cone
facing downward and tap the magnet
frame gently 1o dislodge the sand. A

pPreccccceccee -— -

We regret that **“Mac’s Electron-
ics Service” could not be in-
cluded in this issue. John Frye
has been ill and we feel sure
that many of our readers will
want to join us in wishing him
a speedy recovery, Hope to see
Mac and Barney back next
y month. H

beonrrrcncrcrcccccccccccaed

February, 1963

and not just any 12AX7A?

" THIS

All 12AX7A schematics look alike. And at first glance, all 12AX7A tubes
also look alike. Yet, the use of a Sonotone 12AX7A tube can make a
world of difference in performance.

The 12AX7A, used in signal stages for high gain, has virtually become
the standard in the low level stages of audio preamp circuits where noise,
hum and tube microphonics become major problems. If you examine a
Sonotone 12AX7A closely, alongside another, you will see a significant
difference in construction. You will notice a trident shaped, tongued
structural member at the top of the tube — called a “Damper Mica.” The
tongue supports the two cathodes — acts like the leaf of a spring, absorb-
ing the shock of external impact and vibration.

As a result of this unique construction, the Sonotone 12AX7A is re-
markably free from microphonic tendencies. It is also sturdier and more
capable of withstanding impact and vibration without physical damage
or electrical malfunction.

In addition, the Sonotone 12AX7A employs a coiled heater which re-
stricts unwanted magnetic fields in the heater cathode assembly when
AC is used for the heater supply. This reduces the AC hum component
to a point where it is no longer necessary to use rectified and filtered
heater supplies.

Small wonder that the Sonotone 12AX7A is specified by the leading
manufacturers of high fidelity amplifiers. It is their way of insuring the
quality of their instruments.

The next time you replace a 12AX7A, remember that not all of them
are alike. There are enough distinctive qualities in the Sonotone 12AX7A
to make its choice a sure and safe one. That’s the point about all Sonotone
tubes—all have that extra something that spells better performance.

In addition to the high-gain 12AX7A, Sonotone also features selected
quality audio output tubes—the EL34 and EL84—available in matched
pairs for push-pull applications.

Next time the schematic calls for the 12AXT7A, or any type of tube for
home entertainment or industrial application — replace with Sonotone.

SONOTONE®CORPORATION

ELECTRONIC APPLICATIONS DIVISION e ELMSFORD, NEW YORK
Cartridges * Speakers ¢ Tape Heads ¢ Mikes ¢ Electron Tubes » Batteries ¢ Hearing Aids
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NEW SAMS BOOKS

Color TV Trouble Clues ( ® |
A “must” for every service technician. A {
Outlines trouble clues anid procedures for
repair of color 'I'V receivers of all makes—advice
and guidance on solving color ‘I'V problems which
has actually been field-tested. Covers types of trou-
bles encountered, troubleshooting techniques, align-
ment and sync problems, convergence, ete. Includes
valuable section on the use of test equipment to
speed color set servicing. 1°ully illustrated with photo-
graphs and schematics; a welcome help and a ref-
erence guide for those ever-increasing color 'l‘Vs 95
jobs, 96 pages; 514 x 814”. Order COL-1, only . . ]

Handbook of Ham Radio Circuits

By David E. Micks. Contains complete schematic dia-
grams and definitive descriptions for over 50 of the
most popular amateur radio transmitters and re-
ceivers. Written for hams and technicians, this hook
covera the circuitry, operation, general function,
and special distinguishing features of each piece of
equipment. Excellent for troubleshooting and mod-
ification needs, as well as a guide for huying$295

equipment. 128 pages; 8 14x117 Order HRC-1,0nly
Microwave Systems Fundamentals

By F. Jonathan Mivec. This book gives you a clear
understanding of microwave applications, including
a basic analysis of microwave systems, and detailed
explanations of the principles involved. Chapters:
Introduction to Microwaves; Behavior of Micro-
waves; Transmission Systems; Cavity Resonators;
Oscillators; Receivers; Antennas; special appendices
on Mathematical Construction of a Profile I)iagram
and Waveguide Mathematics and Kquivalent Cir-
cuits of an Amplifier and Quartz Crystal, 28 $E9S
pages; H14 x 814", Order MSM-1, 0only . .. .. 30 5

BROADCAST ENGINEERING NOTEBOOKS: VOL. 2
AM-FM Broadcast Operations

By Harold E. Ennes. The second volume in this unique
series covers technical operations of radio stations
from the operator’s point of view. Ranges from basic
information such as the layout for control rooms to
the more complex subjects of remote equipment,
etc. Problems encountered and proper procedures
for operating both inside and outside the studio are
examined. Includes sections on operating the trans-
mitter, and FCC rules. An excellent aid in preparing
for FCC license examinations. 256 pages; 5%3 95
x 844”. Order BEN-2, only. . . .. . 5

Electronic Tests & Measurements

B8y Robert G. Middleton. Another practical, authorita-
tive book by a leading expert on measurement procedures
and equipment. Takes a new approach by giving the reader
a thorough understanding of circuit characteristics, on the
sound premise that the theory behind what you are doing
is as important as the work itself, Helps you increase your
knowledge of circuitry as well as your proficiency in
testing. Chapters include: Electrical & Electronic Units;
Nonlinear Devices; Transient Analysis; Bridge Measure-
ments; Amplifiers; Electronic Testing Theory; High-Fre-
quency Tests & Measurements, 288 pages; 5% xs 95
8% “; hardbound. Order MET-1, only 6

How to Detect & Measure Radiation
By Harold S. Renne. What is radiation? Where does
it come from and how is it detected and measured? !
These are questions millions of people are asking
today. In simple everyday language, this hook
describes the sources of radiation and how it radiates
or “spreads out.” Specinl attention is given to detec-
tion and measurement devices and just how they
operate. Of special interest to experimenters, techni-
cians, students, Civil Defense personnel, and en-¢age
gineers. 160 pages; 514x814”. Order ADR-2, only 3

Hall Effect Instrumentation

8y Barron Kemp. An important book on a new and
growing field, showing the innumerable applications
being found for the Hall effect principle. Unknown
20 years ago, this principle is becoming one of the
most effective theories for measurement instrumen-
tation. Here is a full analysis of the Hall effect and
ita applications. Chapters: The Hall Effect; Multi-
plier Applications; Wattmeters; Modulators; Con-
stant Control-Current Applications; Displacement
Applications; Magnetoresistive 1)evices; Measuring
Magnetic Fields. An invaluable reference and in-
structive text for engineers and students. 12Bs 95
pages; 534 x 814”; hardbound. Order HAL-1, only 4

HOWARD W. SAMS & CO., INC.

8 Order from your Sams Distributor today, or mail @
8 to Howard W. Sams & Co., Inc., Dept. B-13 [ ]
8 4300 W. 62nd Street, Indianapolis 6, Ind. [ ]
: Send me the following books: :
g O cot O mSm-1 O MET-T [ HAL-Y M
8 O HRC.1 O 8EN-2 O ADR-2 [}
: $§__ 0000 enclosed. [J Send FREE Booklist :
: Name . o : 1
] | ]
g Addr S 1
: City. —_Zone State. : |

8 IN CANADA: A, C, Simmonds & Sons, Ltd., Toronto 7 §
s wovesesmmw Smmesee
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Digital Readouts

(Continued from page 33)

PERMANENT SOFT IRON
MAGNET II'_ FIELD POLES

Fig. 10. Schematic of ‘‘Magneline” readout.

Armature lines up with magnetized poles.
numbers are shown differently and the
interal mechanical arrangement is dif-
ferent. Eleven electro-magnets are nsed
in a vertical arrangement and the per-
manent magnet attached to the numeral
drum is a bar mounted horizontally
somewhat like a compass needle. The
eleventh position is used in a patented
circenit to eliminate the need for polarity
reversal and to permit simpler driving
circuitry.

Still another type of electro-mechan-
ical readout is shown in Fig. 13. This
consists of seven tiny rotary solenoids,
individunally actuated, that display seven
lines forming the desired numeral. Each
solenoid consists of a evlindrical perma-
nent magnet that is rotated in the field
of its coil. A small aluminnm vane is
cemented to the magnet so that the vane
either appears in the window or moves
out of sight. One model has a single coil
and will only display the desired nu-
meral while power is applied. Another
model uses split wound coils and can be
set with a pulse and then reset again
with another pulse applied to the other

half of the coil. Allard Instrument Corp.
has a complete line of these readouts
including alpha-numeric units which
contain 14 coil assemblies capable of
forming letters and numerals.

Mechanical /Optical Readouts

A readout which combines an inter-
esting optical principle with an equally
ingenious mechanical system is shown
in Fig. 14. The optical principle is based
on the use of a heam of collimated (par-
allel beams) light and a set of ten plates,
each having a small checkboard raster

Fig. 12. A.C.E. is similar to ‘‘Magneline”’
except for different mechanical design.

and an open area the shape of the nu-
meral. When the selected plate is posi-
tioned in a certain spot, only the light-
forming numeral can pass throngh and
project that character on the screen. To
select the desired plate, four solenoids,
corresponding to the four binary bits,
each actnate a selector blade. The bot-
tom of each numeral plate is notched
so that only the desired plate can drop
into the viewing position when the cor-

Fig. 11. “Bino-View" readout combines mechanical and optical principles.
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Fig. 13. Allard Instrument electro-mechan-
ical readout uses seven rotary solenoids.

responding selector blades are actuated.
Fig. L1 shows three of the solenoids and
the selector blades attached to them.
Running in the center under the numeral
plates is a set bar which lifts all plates
up, then allows the selected one to drop
into the notched position. Each time a
new number is to be displaved the se-
lector blades are set first, the bar lifts
all plates, and the selected one drops to
displav the number.

Only 100 milliwatts is required to set
the selector solenoids, making transistor
drive feasible. Decoding from binary to
decimal is done by the selector blades
and the notching combinations of the
individual numeral plates. As an added

Save

Mond

Qty. Type Price Qty. Type Price  Qty. Type Price

ADDRESS.
CITY

RAD-TEL'S QUALITY

BRAND NEW TUBES

i

o 19% OFF / cUaranrec | |

1 DAY SERVICE B8 OVER 500 TYPES IN STOCK II'

feature in the [.E.E., Inc. “Bina-View” |
model, tonr sets of reed switches are
nsed underneath the four selector blades |

to provide u status readout signal for the ' u /4
data processing equipment. This pro-| ¢ —= Y4
vides 1 memory because once a number 1 V/f/ 4

0
Q\
N

is set in, the computing device can al
ways read that number out through the
tour reed switches.

Sercomechanisms, Inc. recentlv an
nounced a 64-character readout whose
operation is based on light interlerence

Tronbleshooting these tvpes of read
out mav be verv difficult because of their
complexity. It is wiser to return them to |
the manufacturers for repair or replace- |
ment. A

"

|
Fig. 14. Checkerboard display produced by
‘Bina-View'' readout shown cutaway in Fig. 11 '

GREENLEE CHASSIS PUNCHES

Make accurate. finished holes in 114
minutes or less in metal. hard rubber

and plasties. No tedious sawing or
filing few turns of the wrench
[ does the job. All standard sizes
round. square. kev. or "I shapes for
sockets, switches. meters. ete. At vour
electronic parts dealer. Literature on
request.

GREENLEE
GREENLEE TOOL co. ‘G

2027 Columbia Ave., Rockford, Illinois
CIRCLE NO. 121 ONREADER SERVICE PAGE
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SEE |

| THE NEW Il
f ELECTRONIC '!
| WIZARDRY !;:
at :
{l I-triIPLE-E’-
: Intemartlghal Qonvention ll
and Exhibition in New York
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& The WALDORF ASTORIA HOTEL

MEMBERS $1.00; NON-MEMBERS $3.00
MINIMUM AGE: 18

admission
SEND FOR NEW

SEND FOR
7W . TROUBLE SHOOTING GUIDE -

& |
= RAD-TEL TUBE CO, S
55 CHAMBERS STREET. NEWARK 5, NEW JERSEY

TERMS: 25% deposit must accompany all orders. Balance COD. Orders under $5 ad $1 !‘ ’

TUBE & PARTS CATALOG

handling charge plus postage. Orders over §5: plus postage. Approx 8 tudes per 1 ib. Swbject

to prios sale. Ne C00's outside continental USA
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Busy People

" UTICA

CB TRANSCEIVERS

TRANSCEIVER

New dual conversion 6 channel crystal
controlled transceiver with tunable re-
ceiver for all CB channels. S meter and
signal strength output indicator, external
crystal socket, auxiliary speaker terminal
and universal power supply. Deluxe
chrome cabinet. List Price 199.95

@«, E TOWN & COUNTRY
'éj MC-27 TRANSCEIVER
ual conversion 6 channel crystal con-
trolled. Exceptional sensitivity and selec-
tivity. Double Gated Noise Suppression
circuit, AVC with improved squelch cir-
cuit. Universal power supply. Deluxe
chrome cabinet. List Price 179.50

===y CB ANTENNAS

GIZMOTCHY 2in 1
Vertical-Horizontal Beam
Antenna for hi-efficiency
and greater distance base
station performance

GIZMOTCHY List Price. .

.55.95

BUDDY WHIP

96 inch fibre glass mobile
antenna. Can be adjusted
to any position from driv-
er's seat..List Price, 24.50

UTICA

COMMUNICATIONS CORP.,
Dept. Ew-2
2917 W. IRVING PARK RD.,
CHICAGO 18, ILLINDIS

So'd througn leading Parts Distributors
CIRCLE NO. 149 ON READER SERVICE PAGE
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&
BUDDY WHIP

Multiplex Signal Generator
(Continued from page 58)

The 19-ke. oscillator, V1A, is the
familiar circuit used in many matrix-type
multiplex adapters. The output drives
two 38-kc. series-connected tuned cir-
cuits, T'1 and T2. The second 38-ke.
transformer, T2, lowers the amplitude
variation of alternate peaks of the 38-ke.
sine wave. The output is attenuated by
R3 and R4 and fed to the control grid of
V2,

The 19-ke. oscillator circuit may drift
as much as = 10 ¢ps with variations in
ambient temperature, consequently it
must be locked, through the 19 Ke.
Syne. In” input on the front panel, to a
reference oscillator whose stability com-
plies with the FCC frequency tolerance
of 19 ke, 2 ¢ps. Although a crystal-
controlled oscillator could be built for
this purpose, a less expensive (a 19-kc.
crystal may cost $20 or more) solution
at the present time is to use the 19-ke.
pilot carrier transmitted with all FM
multiplex broadcasts. This signal, which
meets the 1°CC frequency tolerance re-
quirement, can be obtained from an '\
receiver tuned to a station broadcasting
a multiplex program. The tuner output
is amplified, filtered with a very sharply
tuned 19-ke. bandpass filter, and con-
nected to the “19 Ke. Syne. In” input. A
filter for isolating the 19-kc. pilot carrier
appears on page 62 in this issue. It can
be built as a sepurate unit or incorpo-
rated in the signal generator.

The full-wave power supply employvs
an 0A2 voltage regulator tube to stabilize
the B+. The 19-ke. and 1-ke. oscillator
[ power is obtained from a decoupled
section (B2) of the power-supply filter.
A 6.3 v., 60 ¢ps voltage is taken from
the filament winding to modulate the
right channel when S1 s in the “1 ke
Left. 60 ¢ps Right” position. One side of
the filament winding is grounded as pin
5 of V2 st be grounded.

Construction

The multiplex signal generator is built
in an LMB W-1C cabinet with a 6" x
84” built-in chassis. In the original lay-
out space was left for an output meter.
The installation of this meter was later
found unnecessary as the output can be

AUDIO

cevenaton| | verr_weur |

checked with a high-quality v.t.v.m. and
an oscilloscope, as described in the sec-
tion on application and use of the gen-
erator. The can of electrolytic capacitor
C32, C33, C35 is the only chassis
groumd. All ground connections should
be made to points that connect to the
can. A symmetrical layout of compo-
nents associated with the 6JHS tube is
suggested to avoid unequal wiring ca-
pacitance. The author added capacitors
C17 and C19 to improve the waveform
symmetry at higher frequencies. The

vitlue and location of these capacitors
were determined by trial and error and
may have to be different in your unit.

Switch §1 provides an external-input
normal. external-input reversed, and the
internally  generated  audio signal for

Fig. 9. Signel ot E, Fig. 5. Positive or
negative audio produces complete envelope.

10. One cycle of 19 kc. and left au-
Avudio is in first and third quadrants.

Fig.
dio.

each channel. If a single-frequency ex-
terual input signal is applied to the left
channel binding posts, it may, for ex-
ample, be quickly switched from left to
right channels by moving ST from the
“Ext. Nor.” position to the “Ext. Rev.”
position. Simultaneous dual inputs are
fed to the correct channels when Sl
is in the “Ext. Nor.” position.

Generator Alignment

When the unit is built, the 19-ke. and
38-ke. coils (L1,T1,T2,T3) will require

www.americanradiohistorv.com

ADAPTER .
I MULTIPLEX WAL Fig. 11. Suggested
R T .
SIGNAL T o8 WL:'ptE:EC; cu test-equipment setup
o GENERATOR | N FmoTY for checking multi-
AUDIO RIGHT INPUT : plex adapters or mul-
H a . . ireuitry in fune
CENERATOR (I zaomGanY tiplex circuitry lrj tu
i OUTPUTS ers or FM receivers,
1
OSCILLOSCOPE
OR V.T.V.M.
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Fig. 12. R {top) and L (bottom) outputs of
adapter; 1000 cps to generator left input.

ﬁ

touching up. Allow ten minutes for the
unit to warm up then connect an oscillo- |
scope to Lug L ot L1. Applv an accurate
19-ke. signal to the “19 Kc. Svne. In”
jack on the front panel. Adjust L1 from
the fop until jittering stops. Readjust L1 |
until it is in the center of the “stable-
trace” region. An alternate method is to
connect the vertical input of the scope
to Lug I of /.1 and the horizontal input
of the scope to a source of an accurate
19-ke. signal. Adjust L1 until a 1:1 Lis-
sajous pattern is obtained. (Note: The
Lissajous pattern will vary from a single |
line inclined 45° to the right through
an ellipse to a circle, through another
ellipse, and to another single line in-
clined 45° to the left, due to the var ving
phase relationship between the signals.)
Now connect the 38-ke. signal at Lug 3
ot T2 to the vertical input of the scope
and connect the 19-ke. signal at Lug 1 of |
L1 to the horizontal input of the scope.
Adjust T1 and T2 until an approximate
2:1 Lissajous pattern is obtained. The
next step is to connect the scope vertical |
input to Lug 3 of T3. Set the scope to in- |
ternal sweep and adjust T3 for maxi-
mum amplitnde.
Connect the scope to the output ter-
minals of the generator, advance R35 |
“Level’) full clockwise, eliminate all
19 ke. by adjusting R1 on top of the
chassis so its wiper arm is grounded, and |
adjust “Balance” control R13, for mini- |
mum output. The residual signal should
be about 0.02 v. r.ms. of 38 ke. Turn S1
to “I Ke. Right” and adjust “Bu]unce”i
control R27 to obtain the best composite
waveform svmmetry. With the oscillo-
scope adjusted to give a trace pattern
identical to that shown in Fig. I, lower-
right photo, apply some 19-ke. pilot sig-
nal by means of R! on the top of the
chassis. Eight to ten per-cent of the total
signal is the amount specified by the
FCC. The photo in the lower left of Fig.
1 shows the composite output with 8-10% |
19-ke. pilot added. Readjust the sweep
of the oscilloscope until the lower semi- I
circle of the composite signal fills the |
scope screen as in Fig. 7. Readjust T1
and T2 slightly until the trace appears
exactly as in Fig. 7. It may be necessar
to temporarily increase the 19-ke. signal
to make the pattern more apparent. |

February, 1963

HEA“! HEA“! In High Fidelity, the name LEAK is acclaimed “The

Finest.” Performance, Engineering and lowest distortion merit this reputation . ..
as yet.unsurpassed. Now LEAK’s unrivalled engineering is graced by the elegance
of the finest in modern design. ... styling so beautiful that it has just been
awarded the coveted Fashion Foundation of America Gold Medal.

As a critical listener with an equally discriminating eye for appearance, the NEW
LEAK Line merits your attention. See* the dynamic, revolutionary NEW LEAK
Piston-Action “Sandwich” Speaker System—“the first major invention in loud-
speakers since 1925." See* the powerful NEW LEAK “Stereo-60” Amplifier with
the “straight-line” response curve. See* the NEW LEAK “Point-One” Control
Center—choice of professional broadcast engineers. See* the sensitive NEW
LEAK FM tuner with multiplex adaptability . . . you will even marvel at the Decro-
disc controls which color-blends the NEW LEAK system to your room decor . ..

... they await your appraisal at your nearest LEAK Franchised Dealer

THE NEW LEAK PISTON
ACTION SPEAKER SYSTEM

NEW LEAK "STEREO 60"
60 WATT AMPLIFIER

NEW LEAK STEREO
CONTROL CENTER

FASHION FOUNDATION OF
AMERICA'S GOLD MEDAL FOR
DISTINCTIVE STYLING.

*of course, be sure to HEAR it!

See January 1963 dt,‘, A7 wn v/
Electronics World Review W) i, 8 e Y
of the Leak Speaker System v}‘ ) —HIAN
-~ "——-) (o=

AT
[ T §

LONDON T 75

~ WENGLAND ./
Literature,

Performance data & Price List

available upon request

RESEARCH - ENGINEERING - MANUFACTURING

Exclusive U.S. Representatives:

ERCONA CORPORATION, 16 West 46th St. New York. N. Y
In Canada: ELDON INDUSTRIES of CANADA LTD.. Don Mills, Ontario
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R FOR “DOCTORS OF
SERVICING”

on emergency
calls...

Be sure to spray Shield on elec-

trical contacts and switches. A few
squirts of this trouble-shooter extraor-
dinary before servicing cleans the set clean-
er, lubricates it better—often cleans up the
trouble at once. A ‘“‘shot” after servicing
provides sure-shot protection that lasts.
Silicone Base means Total Cleaning Power.
Write for handy guidebook to better clean-
ing. Channel Master Corp., Ellenville, N.Y.

The Professional
Service Man’s
Cleaner

FREE! 7" extension tube with every
can! Reach everything easy!

€ 1962 CMC

CIRCLE NO. 165 ON READER SERVICE PAGE

MOBILE-RADIO

MAINTENANCE R

A BETTER HOME...
A BIGGER CAR...
AND MONEY

IN THE BANK!

Mobile radio—already a great and growing
business—will grow far larger. The FCC is as-
signing many more channels . . . and now any
type of business or industry can have its own
2-way radio system. Right now there are over
2,000,000 transmitters in the Safety and Special
Radio Services. Citizens Radio is exploding. This
equipment needs installation . . . maintenance
. .. repair . ..and FCC-required checks. Most
earn profits for their owners and must be kept
on the air 12 months a year {often 24 hours a
day)—so this work pays well.

Not many radio and TV servicemen bother
to qualify to profit in this booming busi-
ness—because an FCC operator’s license is
necessary. A far-sighted few are making big
money. To learn how you can be one of these
few, mail coupon below for your free copy
of the booklet *"HOW TO MAKE MONEY
IN MOBILE-RADIO MAINTENANCE",

E MAIL THE COUPON NOW-—
HERE’S NO OBLIGATION!

Lampkin meters are the preferred
mobile-radio test equipment!

LAMPKIN 103.8B
FREQUENCY METER

PRICE $260.00

LAMPKIN 205:A FM
MODULATION METER

ikttt | RANGE 25 TO 500 MC.
—= LAMPKIN LABORATORIES, INC. | PRICE $270.00
]—. MFM Division, Bradenton, Florida
N A:' 6‘\:/ ol_)rlaqa;.‘i:nk le';s(;.-NsEe;\d me lha free booklet |
» IN MOBILE-RADIO .
) MAINTENANCE.” Also, technical data on Lamp. |~ NEW: The Lampkia PP Meter to check fraquency en spit
| kin meters. 1 chaanels above SO MC, Accuracy 0.0001%. Price $147.00.
Name
I
| Ader LAMPKIN LABORATORIES, INC.
1 it MFM Division
y Y State BRADENTOMN, FLORIDA
70 CIRCLE NO. 126 ON READER SERVICE PAGE
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RANGE 0.1 TO 175 McC.
1 AND UP

‘ An alternate method of adjustment
was described by D. R. Bolgiano in the
article “FM Stereo: A Broadcaster’s
Viewpoint” in the September, 1962 issue
of Erectnonics Wonen, With this
method, the 19-kc. signal should be in-
creased somewhat by meuans of R1, the
audio output removed, and one cvcle of
the 19-kc. signal displayed on the oscil-
loscope screen. The beginning of this
pattern should be positive-going. Now
apply a small amount of left-channel
audio to the generator. Modulation of
the 19-kc. signal should then appear
principally in the fivst quadrant (0°-90°)
and in the third quadrant (180°-270°)
of the sine wave. (See Fig. 10.) Appli-
[ cation of a right-input-only signal pro-
duces modulation of the 19-kc. sine
wave principally in the second quadrant
| (90°-180°) and in the fourth quadrant
(270°-360°). Slight adjustment of trans-
formers T1 and T2 may be required to
achieve this.
As a final check, connect the generator
[ to a multiplex adapter known to be in
exact alignment and confirm that a right-
channel audio input to the generator
results in a right-channel output from
the adapter. The 19-ke. oscillator coil in
some adapters must be adjusted exactly
on frequency or the right- and left-chan-
nel outputs will be reversed.

Houw to Use the Generator

The signal generator may be used to
check-out the operating characteristics
of multiplex circuits such as frequency
response, output level, and channel sep-
[ aration at various frequencies. A sug-
| gested test-equipment set-up is shown
in Fig 11. The external audio generator
is used in addition to the built-in audio
gencrator in the multiplex generator.
When a scparate multiplex adapter is
under test, a direct connection is made
to it from the signal generator. Tuners
with built-in multiplex circuits require
generator connection at the input of the
multiplex circuit. This point is deter-
mined by examination of the tuner sche-
matic.

A generalized test procedure is as fol-
lows: With S1 in the “Ext. Nor.” position,
feed a 100-cps sine wave of I-4-volt
amplitude to the left input of the signal
generator. The generator outpnt is moni-
tored on the scope for wavefori syin-
| metry and a v.t.v.m. is used to determine

signal amplitude; 0.5 to 1.0 v. rams. is
usually specified. The generator should
now be connected to the adapter and the
signals at the left and right adapter out-
puts examined for waveform and signal
level. The instructions supplied with the
particular multiplex adapter should be
followed. The 100-cps input to the gen-
erator should now be routed to the right-
channel by moving S1 to the “Ext. Rev”
and the multiplex adapter outputs for
botlh channels should be observed and

ELECTRONICS WORLD
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the signal levels recorded. The system
outputs at 1 ke. and 400 cps for both
left and right generator inputs and left
and right multiplex adapter outputs
should be obtained and recorded. Chan-
nel separation in db should also be cal-
culated and recorded. For quick check-
ing of multiplex adapters, the built-in
1-ke. oscillator is very useful. The com-
bined 1-ke. and 60-cps signal inputs also
may be used, but in general, a single
sine-wave input to alternate generator
channels is the more useful procedure.
The 19-ke, output on the front panel
is used for touching up adapters with a
built-in 19-ke. oscillator.

Get your FREE
1963 CATALOG

1963 CATALOG FROM

LT
=7 CONAR

It’s full of exciting new electronic kits of
highest quality. Many items available in
both kit or assembled form. Home entertainment jtems that make perfect
family gifts or test instruments for the technician who appreciates quality
and high performance. Tools, too, to make your work easier, faster. And
you’ll like the reasonable prices and convenient payment plans which
make CONAR Kits easy to own. Mail coupon for new 1963 Catalog now.

Test Results

The characteristics of a well-designed
transistorized multiplex adapter were
measured with this signal generator.
With the internally generated 1-ke, sine
wave fed to the left input of the gener-
ator, the right- and left-channel outputs
of the adapter were observed on a dual-
trace oscilloscope (Fig. 12). Suppression
of the unwanted channel is very good
although some 19 ke. is visible in the
upper trace. Test results on the same
adapter at two audio frequencics are
given in Table 2. Channel separation is
particularly good at 400 cycles. A

5-inch Wide Bana
Oscilloscope Kit

For black-white, col-
or; AM.FM and elec-
tronic applications,
High intensity trace.
Extremely stable
aync. Advanced de-
sign. Kit: $89.50
Assembled:$139.50

*Custom 70"
TV Set Kit
Excellent sensitiv
ity. Transformer
power supply; 3
stages of IF. In
cludes cabinet, 19”
tube — everything.
NOT a portable.
Kit: $135.00

Transistor

Radio Kit

Superb tone and sen-
sitivity. No delicate

Vacuum Tube
Volt Meter Kit
(6-Inch Meter)

RMS and p. to p.

liTabIe Z—Wtiﬁlex Adapter Performance |

Generator | Adapter iChannel

Freq. printed circuits. At- le. 1 t imped.
¢ (Sl Input OUtpUt [ se db tractive, durable :C;; m::: II’T:feaw
P v.r.m.s. v.r.m.s. 25 case. All U.S. made sional performance.
parts. Kit: $25.50 Kit: $31.95
] L R L R Assembled: $44.95
400 1 05 — .72 | .045 24
05062 15 |2 CONAR s
| 400 0.5 062 .75 2 le’l‘mf)(t)lﬁAL RADIO INSTITUTE
1000 | 05 | — | .62 | .060 21 il thi
1000 | —  05.052|.52 20 Mail this Coupon
- | ‘CONAR T TTTTTTT T T T
EXTENDING ZINC-CARBON | GUARANTEE | ;979 Wisconsin Ave., N.W. 1
BATTERY LIFE Partsand perform- | Washington 16, D.C. BB3C |
ance guaranteed I Send me your new 1963 CONAR KIT CATALOG !
By JOHN POTTER SHIELDS by NRI — nearly | I
£ o | Name |
OMMON zinc-carhon batteries are a | 2y years of pio- | |
handy souree of power for transis- neering in Elec- | Address |
tor circuits. Unfortunately, the internal tronics. | |
resistance of these batteries can become ' City Zone State J
rather large long hefore they are com- =S S S S S ES ity B8
pletely exhausted. As a result, positive .
feedback may oceur in a multi-stage am- Fu ' ' c o ' o r G Ia nt Fo ' d - o ut
plifier beecause signals from several stages t - - '
will appear in-phase across the battery®s ‘ :
internal resistance. The effect is the same h a r s Stl ' ' Aval 'a b ' e ®
as if a resistor were ('unm-t'l‘('(l in series Here’s a complete series of colorful, authoritative fold-out wall-charts
with e of "I"‘ ""'I"'ri"r"I‘"l',""""- iwop| [ (originally appearing in the pages of ELECTRONICS WORLD)—
righ-value electrolytic capacitor . S . :
(230 uf. or greater) conmeeted direetls yours for only 15¢ each. All in full-color—each suitable for framing.
across the battery terminals will provide 2. Hi-Fi Crossover Network Design Charts: Tells how to build speaker nets
a low.impedance shunt for a.. signals | for any crossover frequency. Complete coil-winding data. capacitor values
and will offset the battery resistanee, given.
The d.c. working voltage of the ('alpm'ilur‘ 4. Bass-Reflex Design Charts: Complete data on building own bass-reflex
should equal or exceed the battery volt- enclosures for any speaker. including ducted-port enclosures.
age. | 5. Radio Amateur Great Circle Chart: For Hams and short-wave listeners—
Ulp_\'iuusly the capacitor will not cor- gives complete listing and man of amateur prerises by calls and countries.
rect for the drop in battery voltage when IMPORTANT: ORDER BY NUMBER! OUR SUPPLY OF THESE FOLD-OUT
a load ix applied but i will enable vou CHARTS LIMITED. OFFERED ONLY ON A FIRST COME. FIRST SERVED BASIS
o squeeze a bit more life ont of a hat- . - .
tery and at the same time it will just pos- | Send 15¢ per selection to ELECTRONICS WORLD
T""-" clear up an elusive feedback prob- Box 378, Chureh Street Station New York 8, New York
en. |
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"My Income Since
| Staried wilh
RGA Institutes
[12S been more
lian doublea!

“] now hold a highly interesting job
with a promising future as an electronic
technician, thanks to RCA Home Train-
ing. Might | also state that if it were not
for RCA’s liberal tuition plan that |
would have found things much more
‘J difficult, or perhaps impossible.”
Dennis R. Crop, Forest Grove, Ore.,

former farm hand, now Electronic Technician
(June, 1962)

“RCA Home Training has given me the necessary
background to pass the required tests for my present
position.”’

‘“You are to be commended on the excellent content and study material of
your courses. By going into electronic theory a little bit ‘deeper’, your Elec-

tronics Fundamentals Course far exceeds many other courses that try to
cram too many different phases of electronics into one short course.”

Robert David Regina, Marienville, Pa., (July, 1962)
former mechanic, now Test Maintenance Technician

‘“J Began Servicing radio and TV sets after four weeks
of your Home Training Course.”’

*'I selected RCA Training after investigating other popular courses and found
them inadequate. | believe RCA Home Training is the most informative and
most advanced course in the home study field . . . The whole thing from
beginning to end is laid out clearly and in a fascinating manner and is so
interesting that 1 was always eager to try the next step ...”

Clarence Reneau, Dandridge, Tenn., (June, 1962)
= former electrician, now self-employed Radio-TV Technician

Actual statemants made by RCA Institutes graduates.
72 ELECTRONICS WORLD
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fGA

Home Training
Gl Slart

YOu On an
EIBGIPONICS
Lareer now!

RCA INSTITUTES, INC. Dept.cv-23

A Service of Radio Corporation of America,
350 West 4th St., New York 14, N. Y.

Pacific Electric Bldg., 610 S. Main St.,

Los Angetes 14, Calif.

The Most Trusted Name
in Electronics

The dramatic success stories reported here are just a few of the many
actual case histories on file at RCA Institutes, proving that the world
of electronics offers you one of the fastest ways to a profitable career
and a secure future. Today, more than ever before, RCA Institutes
Home Training can be your key to a successful tomorrow.

COMPLETE SELECTION OF HOME TRAINING COURSES. RCA gives
you a wide selection of electronics courses to choose from, including:

e Electronic Fundamentals e Automation Electronics
e TV Servicing e Computer Programming
e Color TV e Transistors

[ ] o

Communications Electronics Electronic Drafting

You get prime quality equipment to keep and use on the job, and all
kits furnished are complete in every respect.

LIBERAL TUITION PLAN. In addition, RCA has the most liberal tuition
plan; you pay only for lessons as you order them and have no long
term obligations. Investigate this great opportunity now—from RCA—
the name that means dependability, integrity, and scientific advance.
Take the step that can mean a successful career now! Send for the
free RCA Home Training catalog!

{

1 A
N :7‘

Ly

COMPUTER PROGRAMMING

: =% - L ;
P e -
MISSILE TRACKING ; £y
i ‘- k.97 _’k ‘J-- ar y WO, AR
J v o

-—

5 —
INDUSTRIAL COMMUNICATIONS

CLASSROOM TRAINING. No previous technical training required for
admission. You are eligible even if you haven't completed High School.

RADIO-TV REPAIR

february, 1963

RCA also offers you classroom train-
ing of the highest caliber if you pre-
fer to build your electronics career
at one of the convenient locations
throughout the country. At RCA In-
stitutes, Inc., Resident Schools in
New York City and Los Angeles, and
at RCA Technical Institute in Cherry
Hill near Camden, N. J., you can
prepare for a rewarding position in
the exciting field of electronics.

Coeducational Day and Evening
Courses are available. You can pre-
pare for a profitable career in elec-
tronics while continuing with your

SEND ATTACHED PRE-PAID
POSTCARD FOR FREE
ILLUSTRATED BOOK TODAY!
SPECIFY HOME TRAINING
OR CLASSROOM TRAINING!

www americanradiohistorv.com

normal full-time or part-time em-
ployment. Classes start at regular
intervals throughout the year.

FREE PLACEMENT SERVICE.
RCA graduates may take advantage
of the free placement service offered
to them. A recent Resident School
class had 92% of the graduates who
used the FREE Placement Service
accepted by important electronic
companies . . . and had one or more
jobs waiting for them on the day
they graduated.

Check ““Classroom Training' and
information will be rushed to you.
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your choice...

the Thin Look...
with Big Sound

If you are intrigued by the ''thin
look” —and we believe it is one of
the waves of the future, pause to
consider that only Jensen offers a
complete selection of types, sizes and
prices. This is because we naturally
take the view that we must offer the
biggest hi-fi sound that can be inserted
into a given size and cost—with
choices that you alone are competent
to make. But rest assured that in
every category of diminutized appear-
ance and price, you'll get better
sound per cubic inch or per dollar
with a Jensen 'thin look™ speaker
because we have so much more to
work with . . . in component gear—
and skills. Prices range from $39.95
to $139.50. Write for Catalog 165-H.

JENSEN MANUFACTURING COMPANY
Division of THE MUTER COMPANY
6601 S. Laramie Ave., Chicago 38, Illlinois

Canada: Radio Speakers of Canada, Ltd., Toronto
Argentina: UCOA, S. A., Buenos Aires
Mexico: Fapartel, S. A, Naucalpan, Mex.
151 ON READER SERVICE PAGE
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TRANSISTORIZED
WIRELESS INTERCOM

HE COMPLETE transistorization

of “"Knight-Kit’s” new wireless inter-
com introduces some novel circuitry to
the technician and significant advan-
tages for the end user. One innovation
-the absence of any “on-off” switch—
is a notable departure from standard
practice, while other design elements,
like a new squelch system, represent
an updating process from tube to tran-
sistor. The intercom relies on semi-
conductors to achieve the benefits of
negligible power consumption and the
cool operation desired in a continuous-
service device.

Before discussing specific points, here
is the general circuit lineup. Essentially,
the transistor intercom functions like its
tube counterpart in that the device is
a transceiver capable of sending and
receiving intelligence over the house
wiring. As shown in the schematic (Fig.
1). four transistors comprise the basic
complement. When the “Tulk-Listen”
switch S. is on "Talk,” all stages are con-

Each station measures only 84" x 5% " x 3

By L. M. DEZETTEL
Engineer. Allied Radio Corp.

Description of some of the
unusual circuitry and its
operation as utilized in
a new “Knight-Kit” unit.

nected for transmitting. The voice enters
londspeaker 1S and is boosted by audio
amplifiers Q.. Q;, and Q.. Amplified
audio is applied to the collector of Q..
an r.f. oscillator which generates a carrier
of approximately 200 kc., and modula-
tion occurs. Qutput energy is applied to
the power line inductively throngh the
windings of special coil L.,

When the “Talk-Listen” switch is in
the “Listen™ position, it re-arranges the
circuit for receiving. Here, there is a de-
parture from the tube-type intercom. In-
stead of applyving the received signul
directlv to u detector stage, it drives
transistor (., now operating as an r.f.
amplificr. This is the expedient which
provides the unusually high sensitivity
needed for weak-signal conditions. The
effect is further heightened by trans-
former T\, which peaks the output of the
r.f. amplifier.

The separation of audio modulation
from its r.f. carrier tukes place in the
crystal diode CRi. Actuallv there is a

Fig. 1. Circuit diagram of wireless intercom. Notice that transistor Q, is vsed
as a 200-kc. oscillator during **talk’™ and as an r.f. amplifier during “listen.”
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splitting at this point; vart of the signal
travels to the speaker atter amplidicadon
in Q: and Q.. The other portion is di-
verted for activation of the squelch cir-
cuit which keeps the intercom immune
to annoying line noises and muted dur-
ing no-signal conditions.

Operation of Squelch

Transistor Q:, an audio amplifier dur-
ing transmitting periods, now con-
nected as a squelch control stage. Its
action is interesting since it typifies how
a tube function is effectively performed
by a transistor. Referring back to CR,,
the detector, it is apparent that rectifica-
tion of an incoming signal creates a pos-
itive voltage at the diode’s cathode, or
ontput, terminal. Notice how this is ap-
plied to the base ()f squelch transistor Q-:,
and appears only when a signal is re-
ceived. The transistor utilizes this posi-
tive signal to switch audio amplifier
on or off,

To understand the sequence of events
occurring at the squelch, it is best to con-
sider first the normal bias conditions at
Q.. the amplifier to be controlled. Nega-
tive bias for the base of this stage is de-
rived from the resistor divider network
composed of Ri: (from collector to base)
and R (from base to ground). The re-
sistance values are selected so the stage
will behave as a conventional audio am-
plifier, its operating bias tapped from the
negative leg of the power supply
through the dividing network. Notice,
however, that the squelch output is also
tied into the base of Q.. This is the lead
running from - collector, through the

Talk-Listen” switch, and to the base of
Q.. It is in this circuit branch that bias
control is exercised.

The action may be explained by ob-
serving the condition of the squelch
transistor when no signal is impressed on
its base. During this time its collector
circuit conducts a steady, static current
as determined by the setting of squelch
pot R: (lower left in schematic). The
direction of current flow through Q- acts
to cancel part of Q.'s operating bias
through their common connection de-
scribed above. Loss of adequate bias on
the base of Q: creates a cut-off condition
and the intercom speaker remains quiet.

Circuit conditions change sharply
when the squelch stage receives the pos-
itive signal from diode CR,, whenever a
message is received. Impressed with a
positive bias, the static squelch current
drops and the collector no longer exer-
cises its cut-off effect on .. Normal am-
plification takes place as bias resistors
Ru and Ruw can perform their voltage-di-
viding job unhindered by the clamping
effect of the squelch.

Other Circuit Features

Other sections of the circuit point up
the transistor’s characteristic imprint.
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Most significant is the abscence of an
“on-off 'switch. It reflects a design phi-
losophy which evolved during early en-
gineering stages. It was felt that the tran-
sistor’s low power consumption could
completely eliminate a disadvantage
often encountered in intercoms—nissing
calls when the unit is turned off. With a
full complement of transistors and the
semiconductor power supply. this unit
eliminates that problem. Total power
consumption from the line is below 4
watts. Even at the residential rate of ap-
proximately 3 cents a kilowatt hour, the
cost of continuous operation can be con-
sidered negligible.

As an added safeguard against missing
calls, R« is inserted between the volume
control and ground to keep the volume
control from being turmed off com-
pletely. Although the pot’s wiper may
be rotated fully counterclockwise, R
keeps it sufficiently above ground so
some signal will reach the speaker, albeit
low in level.

Hand in hand with low power con-
sumption is another benefit which may
be welcomed by the installer. The circuit
is cool in operation which increases the
number of mounting options. It may be
placed in extremely small and confined
areas without regard to ventilation or
overheating. The compactness possible
with transistorization results in a trim
cabinet that lends itself to a variety of
odd mounting locations. Of course, the
“wireless” feature eliminates station-to-
station interconnections and adds ver-
satility. A

REPEAT FILAMENT ‘“BREAKDOWN"
By DONALD J. PROVENCHER

IS THIS experience familiar? You re-
placed an octal-based tnbe—say a 5U4
—in a TV set because the filament wasn’t
lit, and that seemed to take care of the
matter. You were subsequently called
back because the replacement also went
dark. Perhaps you had to go through this
cyele once more before realizing that the
original defect was in the socket, not the
tubes, if you don’t remember such an
experience with a 5U4, it may have oc-
curred with some other type whose fila-
ment draws appreciable current, like a
6AX1, 6BQ6, or 6CD6.

Next time you run into filament
trouble on such octal tuhes, give the
heater pins a simple, visnal inspection.
One or hoth of them may be discolored,
and some solder may have run out of the
pin. Such signs confirm a defective
socket. For a temporary repair, the fila-
ment pins of the new tube can be erimped
somewhat so that they will make good
mechanical connection in the socket, un-
til you can get the set into the shop for
a replacement job.

Keeping this possibility in mind has
been to our benefit beeause it reduces
call-backs. It increases enstomer eonfi-
dence. Besides, minimizing call-backs
means more profit. This type of fault
was checked for about a year bhefore the
tube and socket check was made a regu-
lar shop practice.
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By JOHN F. CLEARY

Applications Engineering, Semiconductor Products Dept.
General Electric Company

Construction details on a simple metronome that
s operated by « single unijunction transistor.

METRONONMIE can be any contrivance for marking
Atime as an aid to musical study and performance.

The unijunction metronome to be described is
one of the simpler electronic “contrivances™ in that it uses
the unique unijunction transistor to generate precision timing
pulses. In fact, this is the only transistor used—or for that
matter needed—in order to generate a distinet “metronomic
tick” at the loudspeaker. An advantage of using the unijunc-
tion, or UJT as it is often called, is that the loudspeaker can
be driven directly. No output transformer is needed.

The circuit of Fig. 1 can be powered either by a transform-
erless supply as shown or by a battery. Stability is excellent
since the unijunction is known for and does possess high
inherent stability, Beat rate is adjustable from below 42 heats
per minute, a low largo, to slightly over 208 beats per min-
nte, a high presto. Both limits can be extended simply by
changing the emitter component values,

Circuit operation centers around the 2N 2160 and is actn-
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ally patterned after the hasic unijunction transistor refaxation
oscillator as used in most UJT applications. The circnit works
as follows: applving voltage across R, Ry, R:, and C. allows
C: to charge. Since at the beginning of the operating ¢vele
the unijunction emitter is reverse-biased and therefore non-
conducting, a high impedance exists across C.. As C. con-
tinues to charge, the emitter voltage increases exponentially
and approaches the supply voltage level. At a point deter-
mined by the nnijunction and called the “emitter peak point
voltage,” the emitter becomes forward-biased. presents a
low impedince across C: cansing it to “dump” its charge into
base 1 (B.) through the speaker voice coil. This results in
a distinet “tick” from the speuker.

“Rate”™ pot R. provides for a slow or fast beat rate by con-
trolling the charging time of C.. Frequency is thns deter-
mined by the combination of R, C:, and the supply voltage
across the UJT. Resistor R is selected to sct the high beat
rate limit while R. sets the low limit. By using a log-taper
potentiometer for Ry, a well proportioned “rate” scale can
be adjusted to any range desired. The photo shows a typical
42-208 beats-per-minute metronome scale spread over almost
the total 270 range of R.. The number of beats for the vari-
ons tempi emploved as calibration for the author’s metro-
nome are as follows:
BEATS/MINUTE

TEMPO BEATS MINUTE TEMPO

42-6Y Largo 123-154 Andante
69-98 Larghetto 151-180 Allegro
98-125 Adagio 150-208 Presto

As with any transistor, the cffects of temperatie are ever
present and must be compensated for by proper circuit de-
sign. R, when properly chosen, results in typical frequency
stability from 0 C to 100 C of 23%

The metronome described here uses a square framed 3%”
Utah SP338 3-4 ohm loudspeaker containing a l-ounce mag-
net. Any loudspeaker can be used, however, and the higher
the efficiency of the speaker, the louder the tick.

Four IN1692 silicon rectifiers in a bridge-rectifier con-
figuration and 100-f. filter capacitor make up the power
supply. Fed directly from the a.c. line, this arrangement
supplies the required 25 volts at 4 ma. with sufficient regula-
tion for good metronome stability. R and R. act as voltage-
dropping resistors as well as adding some degree of safety
by limiting the total current drain to approximately 3 ma.
under direct short-circuit conditions. By housing the circuit
in an insulated box, additional protection is obtained against
electric shock, An interesting feature of this power supply
is that d.c. output voltage is not alfected by a.c. line polarity.
No matter which side of the a.c. line is short-cirenited to
ground, the d.c. output voltage remains unchanged.

Fig. 1. Complete circuit diagram of the unijunction metronome.
25V DC (@ 4MA.
Re
. . 33040
Rosw A K |
INI692 100 ’=;
< 12K 56‘v' B, 2N2160
3 { : g UNIJUNCTION
~° Ry | 1
- — 1 .
2K KnmsszT Q SPKR

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

e e St o = f L T -

I

Wooden case, covered with plastic, is 4°,” square, 2" deep.

Components are mounted on perforated circuit board. The small
loudspeaker is first covered with screening, then grille cloth,

Naturally, other power supply arrangements can be used.
A 22%-volt battery can replace the supply shown, Lower
voltages cin he used with decrcased output and increased
calibration error: in fact the UJT will continue to operate
with as Jow as 3 volts applied i many instances. Shonld too
high a supply voltuge be applied, damage to the 2N2160
conld occur.

Construction

The photos show construction quite clearly with the ex-
ception of the line resistors and three of the 1N1692 rectifiers.
all hidden behind the speaker “U™ frame. Two rectifiers are
located on either side of the perforated insulation board
for ease of mounting and wiring. The back of the speaker
frame, as shown, protrudes throngh the square hole cnt
fram the hoard and rides on the surrounding lip of the speaker
frame. After cutting the board to size (slightly smaller thau
the over-all speaker measurement), measoring and cutting
out the center opening, and mounting all components, the
completed board is slipped onto the speaker frame and se-
cured in place with contact cement. The bracket-snpported
R is then soldered to the speaker frame for inereased rigidity
as cun be seen in the photo showing the inside view of the
unit.

A sanare of wrille cloth and s square of abmimean window

February, 1963

screening are cut about 17 larger than the speaker frame.
Place the grille cloth on a flat surface. the screen on top
of it, and the speaker—cone down—on top of the screen. By
wrapping the excess material around the edge of the speaker
frame the cone will be protected from damage, This method
of covering the speaker requiires no hardware and is self-
supporting,

The cabinet shown in the photo is made from X" plywood
and measures 24" deep x 4516” square. The back is cut

I

from 5" hardboard and is ghied in place. A shaft hole abont
A7 in diameter—Luge enough to accommodate the shaft and
allow the completed unit to be placed in the box snuglv—is
then carefully drilled in the side of the hox. An additional
power switch hole is made in the top of the cubinet and
a power-line cord hole in the back,

In the photo showing the internal view of the metronome,
note the two threaded holes located on the back of the speaker
“U” frame. Two additional holes are carefully drilled in
the cabinet hack to match these holes which are then used
to hold the speaker securely in place.

After all rongh work is completed, the cabinet is then
covered with a washable plastic material.

Should a battery be used to power the unit rather than
a permanent power supply, cabinet dimensions must be
changed accordingly. Since wiring is in no wayv critical, any
type of cabinet or component arrangement can be used. The
circnit conld be built into a radio or amplifier, for example,
to take advantage of the existing loudspeaker and power
supply.

Calibration

Fairly accurate rate calibration will resnlt by counting
“ticks” against time. Using a stopwatch or a wristwatch sweep
second hand, counting the number of ticks per 13 scconds
and multiplving by 4 to obtain the “heat rate” per minute,
will result in accurate dial calibration, This method works
well for slow to medium heat rates but is more difficult at
the faster rates. A second method is to compare the uncali-
brated metronome with a calibrated metronome of known
acenracy. Both methods are sufficiently accurate for musical
purposes.

Precision dial calibration can be made by measuring pulse
time across the speaker voice coil with an accurate scope or
electronic counter. The metronome shown here was calibrated
using a Hewlett-Packard Model 532B Electronic Counter
comnected directly across the speaker through a 200-uf. ca-
pacitor. All measurements were read off in milliseconds and
converted to beat-rate by dividing 60,000 by time in milli-
seconds.

Conclusion

Should a louder “tick” be desired. the unijunction metro-
nome will easily drive an andio amplifier. By replaciug the
londspeaker with a 20- or 30-ohm resistor, positive driving
pulses mayv be taken from base 1 (Bi). Negative pulses can
be taken directly from 2 (B:) simultancously, if needed.

Pulse rate can be changed widely simply by replacing R,
and C=. Two to three minutes, and more, are possible hetween
pulses in one extreme, while ten and less microseconds can be
achicved at the opposite extreme,

Needless to say, the unijunction is oune of the more nnnsial,
vet simple, transistors among the many available today. The
unijunction metronome is only one of many cirenits possible
with this transistor—and a simple one at that! A
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“UNDERSTANDING TRANSFORMERS &
COILS” by Edward ]. Bukstein. Pub-
lished by Howard \V. Sams & Co., Inc..
Indianapolis. 91 pages. Price $1.93. Soft
cover.

Despite the wide application of trans-
formers, many of those encountering
them dailv are still vague about their
function and operating principles. This
hasic text is designed to shed consider-
able light on the subject and does a good
job ol it. The author covers the proper-
ties of inductance and explains how it is
measured and applied in electronic cir-
cuitry. Concepts of energy storage, coun-
ter e.muf., time constant, self-inductance,
mutnal inductance, parallel and series
inductors, inductive reactance. phase re-
lationships, impedance. energy losses,
and Q7 are all covered in detail and in
easy-to-understand form.

Inductor construction and transformer
principles are included, along with a
chapter on measurement and testing, a
glossarv, and color code guide.

L [ L
“ELECTRONIC DRAFTING"” by George
Shiers, Published by Prentice-Hall, Inc.,
Englewood Cliffs, N.J. 527 pages. Price
S11.50.

This volume is designed not only for
students and practicing draltsmen but
also for all students in electronic engi-
neering programs at all levels. The an-
thor feels that electronic engincers should
be familiar with the problems and prac-
tices of electronie drafting even if he has
no intention of setting pen to tracing
paper.

There are 12 chapters devoted to in-
struments and materials. mechanical
drawing. pictorial drawing. drafting
practices. technical lettering, graphical
svmbols, block diagrams, schematic ele-
ments. schematic dingrams. components
and assemblies. connection diagrams and
printed circuits, graphs, charts and dia-
grams. The various points are covered by

examples.
o L4 o

| "SINGLE SIDEBAND FOR THE RADIO AMA-

TEUR" by Headquarters Staff. Published

| . . v
by American Radio Relay Leagne, \West

Hartford. Conn. 222 pages. Price $2.00.
Soft cover.

This is a comprehensive digest of SSB
articles which have appeared in "QST”

| over a period of time—all carefully re-
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quks

vised and expanded as required to con-
form to current practice. The text covers
amateur sideband from its beginnings
through the theory and practice of side-
hand generation, detection, modulation,
linear amplifiers, and accessories to he
fornd in the SSB station.

SSB operators will find this compact
handbook a valuable and virtually com-
plete reference work for their hum-shack
libraries.

o - o
“THE CONTROLLED RECTIFIER compiled
and published by International Rectifier
Corporation, El Segundo, California.
$2.30 by mail.

This is Volume 1 and covers the im-
portance of the phvsical properties of
controlled rectifiers and their effect in
application. Written from the viewpoint
of the controlled rectifiecr manufacturer,
the text includes much information not
normally available to the user.

The book is based on those device
characteristics which can be observed
and measured. The text covers structure
and operation, static characteristics, dyv-
namic characteristics. gate characteris-
tics. thermal characteristics, cooling
methods. and test procedures.

L o o
“SEMICONDUCTOR RECTIFIER COMPO-
NENTS GUIDE” compiled by Application
Engineering Center. Published by Gen-
cral Electric Company. Rectifier Coms
ponents Dept., Auburn, NUY. 142 paces.
Price 30 cents, Soft cover.

This is a second edition of a guide
published for the power supply designer
and provides a convenience reference for
the selection of silicon, germanium. sele-
ninm. and copper oxide rectifier com-
ponents and the design of rectifier cir-
cuits,

In addition to the text material, there
are two valuable charts on rectifier selec
tion and rectifier cirenit constants. This
new edition includes 27 additional pages
of specification data.

L L o
“AUTO RADIO MANUAL" compiled by
Sams Staff. Published by Howard W,
Sams & Co.. Inc.. Indianapolis. 160
pages. $2.93. Soft cover. Vol 13.

This is the latest volume in this pub-
lisher's continting series of service data
hooks covering auto radios. This volume
inchudes some 42 different sets made by

ELECTRONICS WORLD


www.americanradiohistory.com

American Motors, Automatic. Blaupunkt, Buick. Ford
Granco, Mopar, Motorola. Oldsmobile. Pontiae, Stromberg-
Carlson, Studebaker. and Voxson.

Each set is accompanied by a schematic, resistance charts,
chassis photos, parts lists and replacement data, alignment
information, and servicing hints and shortcuts,

o o o
“"MICROWAVE THEORY AND MEASUREMENTS" Ly Engineering
Dept.. Microwave Div., Hewlett-Packard Co. Published by
Prentice-Hall, Ine.. Englewood Cliffs, N.J. 263 pages. Price
$3.95. Soft cover.

This is a basic workbook for a course in microwave theory
and measurements and is desigued to fill the practical gaps
left by the more theoretical texts. This volume is divided into
four major sections involving introductory and background
information, microwave theory, basic types of microwave
measurements, while the fourth section contains fifteen ex-
periments designed to familiarize the student with microwave
cquipment and the techniques employed in making micro-
wuve measurements.

Three appendices carry a glossary of microwave terms,
microway e equipment data sheets, and a bibliography.

o o o
“abc’s of SYNCHROS & SERVOS” by Alun Andrews, Published
by Howard W. Sams & Co., Inc., Indianapolis. 92 pages.
Price $1.95. Soft cover.

As the title implies this is a basic book for the student,
hobbyist, and technician.

The anthor covers individual control systems, position
transducers, synchros, modulators and demodulators, servo
amplifiers, magnetic and rotary amplifiers, and actuators
along with an analysis of complete systems.

Since servos are part and parcel of an impressive variety
of electronic equipment ranging trom remote-conutrol TV
tuners to missile guidance control systens, this book should
attract a wide audience. A

MEET
THE BEST BRAINS,
THE BEST PRODUCTS
IN THE INDUSTRY

at

y
l-TrRIPLE-E’-
International Convention
and Exhibition in New York

MARCH 25, 26, 27, 28

The COLISEUM at Columbus Circle
& The WALDORF ASTORIA HOTEL

MEMBERS $1.00; NON-MEMBERS $3.00
MINIMUM AGE: 18

SHOW

(formerly tihe IRE Show)

admission:

Februory, 1963

uphonics

Orbit Ac_ﬁon

J Ll

REPLACE ALL STERED AND+"H'~.§ -
 MOMAURAL CARTRIDGES >

& EASIEST OF ALL CARTRIDGES
TO INSTALL

No. 1 choii:e of phono man'ufacturers.
Now, your most logical choice
for exact replacement

New Euphonics Orbit Action Cartridges are exact replace-
ments for millions of Euphonics Cartridges now in use, and
all other ceramic cartridges. Rugged, trouble-free and easiest
to install, Euphonics cartridges offer you these important
advantages:

EXCLUSIVE ORBIT ACTION

® Eliminates twisting of lead wires e Positive tip rake angle—no dirt
collecting '"hook"’

® Provides same wide-range re-
sponse from both needles: 16~
25,000 cps.

® Reduces mass of playing needle

o Simplified needle replacement

Other Advantages: Unique mounting bracket permits fast, snap-in
installation of cartridge ® Low tracking force (2 grams) for minimum
record and stylus wear e Stylus automatically retracts when arm is
dropped @ PZT ceramic elements eliminate magnetic hum and are
impervious to heat and moisture ® High compliance: 4 micro-cm per
dyne @ 4 terminals—complete with jumper for 3-terminal installation.

Complete with dual needles.
U-8. .0007 Sapphire and .003 Saophire
U-9. .0007 Diamond and .003 Sapphire

For complete details see
your distributor or write Dept. EW-2

ALl PRODUCTS AMERICAN MADE

L
uphonics
CORPORATION
GUAYNABO, PUERTO RICO, U.S.A,
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you
can play
your records

or automatically

and enjoy the same quality you associate with
turntables that can only be played manually.

The Benjamin-Miracord is fundamentally a
quality instrument—designed and constructed
to highest quality standards. Its components
are those characteristic of the finest record
players: solid, die-cast, dynamically balanced,
12-inch turntable; precision-machined, mass-
balanced transcription arm; and choice of
either high-torque, 4-pole induction motor or
the famous Papst hysteresis motor.

Yet, the Miracord can play single records
automatically as well as manually, or you can
play up to 10 records in automatic sequence.
The automatic action of the arm is actually
more precise and more gentie than by hand.

See and hear the Benjamin-Miracord perform
at your hi-fi dealer. Modeil 10 with 4-pole induc-
tor motor, $89.50; Model 10H with Papst hys-
teresis motor, $99.50 (complete with arm but
less cartridge and base). For catalog, write to:

BENJAMIN ELECTRONIC SOUND CORP.
80 Swalm Street, Westbury, L.1., New York

Sole U.S, Distnibutor of Electroacustic* Record Playing Components

BENJAMIN
MIRACORD
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Hi-Fi Loudspzaker Cones

(Continued from page 40)

Bass distortion is caused by three me-
chanical abervations  prevalent during
large excursions: (1) non-linear electro-
mechanical drive; (2) suspension non-
lincarity; and (3) non-linear flexular be-
havior of the woofer cone,

Long-Throw Woofers

“Long-throw” voice coils are designed
to maintain a constant ratio between the
flux lines and the voice-coil wire im-
mersed in the field regardless of excur-
sion. This can be accomplished in two
ways. The most elegant solution is to
provide a magnetic gap deep enough so
that a narrow voice-coil winding cannot
leave the flux field. However, if we con-
template perhaps one-inch  (peak-to-
peak) excursions, the gap depth re-
quired will necessitate a top plate thick-
ness of about 147, This type of design
although expensive is necessary when an
extremely large voice-coil diameter is re-
quired. For example, a 47 voice coil
wound to a 6-ohm d.c. resistance (a
nominal 8-ohm impedance) will have an
axial length of only %7,

The sccond and more economical
solution involves a smaller voice-coil di-
ameter wound to a longer axial length.
The wmount of wire in front of and he-
hind the gap represents an instrance
against any variation in the ratio be-
tween flux lines versus wire turns heing
cut during large excursions. (See I'ig. 3.)

An examination of the disadvantages
accruing from both techniques would
reveal that they each sacrifice electro-
motive efficiency. In the narrow-coil
wide-gap case fux density is wasted
lover a part of the air gap that has no
voice-coil wire immersed in it. In the
long-coil /narrow-gap case the flux field
is completely filled with wire but a per-
centage of the available winding repre-
sents a loss clement. Specifically, the
wire not in the flux field is analogons to
a series resistor, thus influencing both
efficiency and mechanical “Q” (damp-
ing). In addition, a voice coil with a long
axial winding represents considerable
additional moving-system mass.

The short-coil /long-gap avoids the
effects of wnequal distribution of the
fringing-flux fields since the voice coil is
[ always moving in a constant flux field.

By contrast. some of the overhanging
tarns of the long-coil /short-gap woofer
may cnt fringing flux of unequal distri-
bution. In practice, however, these
effects may be minimized by compen-
| sating chamfering of the top plate. The
| primary  advantage of the short-coil
long-gap system is for full-range speaker
designs where a lightweight voice coil is
essential for high-frequency radiation.
In addition, the series resistor ceffect of
overhanging turns is avoided, For com-
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pact enclostes these effects may pre-
vent extension of the bass runge due to
excessive resonance damping,

The second problem associated with
long-throw woofer design involves the
wechanical linearity of the suspension
springs associated with  moving-coil
loudspeakers. If we drew a graph repre-
seuting the mechanical force required to
displace the cone a given distance, we
would find that it would not be linear
with respect to distance: that is, a longer
excursion would require greater force at
the peak of cach cvele. The linearity of
any spring is a function of its size. The
onter-edge suspension is usnally more
non-linear than the centering spider.
This is because the distance from the
clamp-edge on the basket to the fulcrum
point where the cone body begins can-
not he too large for acoustical reasons.
The centering spider can be alimost any
dimension,  consistent  with adequate
centering without any adverse acoustical
effects.

As we have previously noted, the an-
nulus is capable of exerting a consider-
able acoustical effect. One method of re-
ducing the edge-hole cffect due to the
annulus anti-resonance, as well as pro-
viding a correct terminating acoustical
impedance, is to provide an annulus
made from a different material than the
cone body itself. This allows a wide
variation in materials and shapes.

The top photo on page 40 shows two
designs made from impregnated cloth.
The assebly on the left uses multiple
folds of fabric decp enough to provide
good linearity and acting not unlike an
accordion hellows. The interstices of the
fabric are sealed with a permanent vis-
cous compound that also serves to damp
ont the edge-hole anti-resonance. The
acoustical resistivity of this compound
may cause a sound-pressure loss of about
2 db.

The roll-type edge suspension on the
right provides a single rolling spring
action which is abont 30 per-cent more
compliant than the bellows type. Tn ad-
dition it may be sealed with a compliant,
but non-viscous compound that does not
introduce anv resistive losses. The com-
pliance is so high in this suspension that
the spider becomes the controlling
spring element,

The third source of bass distortion in-
volves the cone body itself. Obviously,
any flexing movements of the cone sub-
tracts from the acoustical output at low
frequencies. A curved cone is deliber-
ately designed to provide progressive
decoupling, in order to control middle
and  high-frequency response.  Unfor-
tunately this decoupling action can also
subtract from the bass output by permit-
ting the outer sections of the cone to
move independently of the area closest
to the voice coil. A deep straight-sided
cone seems admirably suited for exe-
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cuting the kind of pump-like movements
we want but, it too, is subject to flexing
along lines extending radially from the
apex to the periphery of the cone. The
extreme compliance of a roll-type sus-
pension deprives the cone of support at
the edge where these nodes form.

As we have also seen in Fig. 2 the
ratio between voice-coil mass and cone
mass affects both response and efficien-
¢v. (The optimum ratio exists when the
voice coil and cone mass are abont the
same.) Thus an 17 voice coil wonud to
%7 to 17 long axial length, and weighing
about 12 grams shonld have a cone mass
of about 12 grams. Conventional felting
methods and mass distribution will pro-
duce some radial noding for a 10- or
12-inch cone of this weight, Let us con-
sider the advantages of different felting
miethods or a difterent material entirely .

Polvstyrene cones, with their high
stilfuess-to-mass ratio seem to be partic-
ularly intrigning, They may be formed
to almost any shape and density . How-
ever. this writer has experienced unusual
reflection characteristics related to the
dissipation cersus velocity characteris-
tics of polystyrene woofer cones. \While
there is a whole gaunut of materials to be
considered which seem to offer advan-
tages, the felted paper cone can be de-
signed to ontperform them all,

A sophisticated approach to conven-
tional cone pulp stocks as well as telting
methods can produce a cone of high
rigidity and optimum mass. A re-distri-
bution of this mass by means of graded
density will vield a cone with more sym-
metrical stractural configuration for am
given nass.

The veconciliation of all these con-
flicting physical elements inmvolves the
closest cooperation between the speaker
designer and  the cone mannfacturer.
Certainly there are few precise and pre-
dictable answers. Much empirical trial-
and-error work remains to be done in

the field. A

LIVE-VS-RECORDED CONCERT

LIVE-VERSUS recorded concert

was performed by the Fine Ars
Quartet at Harvard University. During
the performanee, the musicians alter-
nated their playving with the sound of
their own tape, reproduced through a
stereo playback system. The back-and-
forth switching was done instantancons-
Iv. without losing the musical beat. 1 was
frequently quite diflicult to 1ell when the
sound was coming from the musicians on
stage or from the pair of Acoustie Re-
search AR-3 loudspeakers directly he-
hind the Quartet. The wusicians feigned
playing during some of the time that the
tape was being plaved and quite a few
in the andienee of several hundred peo-
ple were at a loss to hnow when they
were hearing live or recorded sound. The
only differenee we could note was a very
slight inerease in the amount of rever-
berant sound when the members of the
Quartet were actuaily playing on stage.

Febrvary, 1963

MAST-MOUNTED UHF
BOOSTER 6 mode
COVEr Speciic ull |

The original Blonder-Tongue Ultra-
booster covered only channels 70 to
83. When it was introduced in the
MPATI and translator areas, it was
so dramatically effective that in-
stallers throughout the country de-
manded units for their particular
TUHI channels. There are now six
standard models, each covering a
specific portion of the UHF spec-
trum: (1) UB (14-29); (2) UB
(25-40); (3) UB (41-55); (4) UB
(36-69) ; (5) UB (70-83); (6) UB
(72-76). In addition, other fre-
quency ranges are available on a
custom basis.

There’s nothing like the Blonder-
Tongue UB on the market today.
Mast-mounted to take advantage of
the maximum signal-to-noise ratio
available at the antenna, it in-
creases signal voltage by at least
14db., The UB uses two low-noise
frame grid tubes. The remote power

engineesed and manulactured by

supply sends a ‘safe’ 24 volts of AC
power to the mast-mounted UB am-
plifier on the same downlead which
carries the signal. The UB is en-
closed in a weatherproof housing
with swing-down chassis for easy
servicing. The standard UB has 300
ohm inputs and outputs. It is avail-
able on a custom basis with 75 or
50 ohm inputs and outputs.

The UB may be used in master TV
installations and for single sets in
schools and homes. It delivers sharp,
clear pictures in ‘impossible’ areas.
Model UB lists at $93.50.

The Blonder-Tongue UB and either
of the Blonder-Tongue UHF con-
verters, models BTC-99s and BTU-
2t, are the perfect team for superior
UHF — anywhere. Today, contact
the world’s most experienced manu-
facturer of UHF products. For free
16 page Quick Reference Manual of
TV Systems, write FW-2

BLLON DLR '/\T()I\ GUE

Conedlan Div: Benco Television Assoc., Lid., Tor,, Ont. Expon Rocke Iat’l, Corp., N. Y. 16—CABLES: ARLAB
home TV accessories o closed circm't TV systems

CIRCLE NO.
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o UHF converters « master TV systems
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COMPLETE

SOUND
SUSTEM

ina 37 pound
package

.

NEWCOMB

Powerful portable combination transcription
player/p.a. system Model TR-1640M-HF

Powerful voice reinforcement, high
fidelity music reproduction, a full set of
illuminated controls—all in one conven-
ient case...this is foday’s portable sound
system, The Newcomb TR-1640M-HF is
ruggedly built to deliver long years of
trouble-free service in an endless variety
of assignments. There ave inputs for two
microphones. High fidelity music begins
with a GE magnetic cartridge. The mas-
sive 10” 2 pound turntable with dual
neon strobe is driven by & deluxe 4 pole
motor. The 40 watts peak ultra-linear
output system provides deep audience
penetration — clean, intelligible sound.
There ave separate tone and mixing con-
trols for mike and phono. The highly effi-
cient two-way speaker system includes
a 12" woofer, 32" tweeter, and cross-
over. Other models in the TR-1640 Series
come with 2 or 4 speakers, some with
bass reflex reproducers, some with col-
umn speakers, Newcomb makes several
series of portable sound systems rang-
ing from simple 10 watt monophonic
models to elaborate 80 watt stereo sys-
tems. Among them is a model that will
meet your needs exactly.

Write for yvour free copy
of Bulletin TRC-10,

NEWCOMB

AUDIO PRODUCTS CO.
DEPT F-2, 6824 LEXINGTON AVE.
HOLLYWOOD 38, CALIFORNIA
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Grid Current
(Continued from page 51)

AI»:CuAEq, or AI»=C»-R::I::,

where G.. is the transconductance of the
tube under test, AE. is the bias voltage
change, R. is the grid resistor, and [. is
the grid current. The solution, of course,
is for grid current or [..

If the value of G.. is not known, grid
current may be determined from the re-
lationship, AE.= R.l,, with a somewhat
different measurement technique. A volt-
meter across a bias supply is used to note
the bias change, AE..

First the grid resistor is shorted out
and plate current is noted. Then the
short circuit is opened. If negative grid
current is present, an increase in plate
current will now be noted. Bias is then
increased until the initial plate current is
re-established. The change in bias, ob-
served with the voltmeter, needed to re-
store plate current (AE.) is inserted in
the last formula, which is then solved for

L.
Identifving Grid Current

Measuring the amount of grid current
does not necessarily establish which of
the four types it is. Positive grid current,
of course, can be verificd by its polarity.
The more difficult problem is to differ-
entiate gas, grid-emission, and leakage
current.

The amount of negative grid current
caused by gas can be determined by re-
membering that the gas ions are the con-
sequence of collisions between electrons
and gas molecules. Therefore, if there is
no electron current in the tube, there can
be no gas ions and no gas current. The
simplest way of cutting off the electron
flow is to disconnect the cathode. An-
other method is to apply a high negative
bias to the grid.

Since two or more types of negative
grid current can be present simultane-
ously, some such current may still be
present after gas current is interrupted.
In fact, in some cases, there may be an
increase. The remaining current is due to
grid emission, leakage, or both.

Switching off or otherwise interrupt-

ing the heater will decrease grid emission
ahmost as fast as the cathode (and there-
fore the grid) cools off. On the other
hand, overheating the cathode (as by
increasing heater voltage) will increase
grid emission considerably.

Being resistive, leakage is little af-
fected by temperature changes: its pres-
ence can usually he noted in a cold tube.
Also reversing the polarity of applied
voltages, while it will reverse the direc-
tion of leakage current, should not
change its magnitude appreciably. In
fact, this test should be performed only
in a cold tube or one in which the cath-
ode connection has been interrupted.

The particular characteristics of the
various types of grid current discussed
here can be noted in Fig. 2. Note, for ex-
ample, that gas current is eliminated at
about the same bias voltage at which
plate current is cut off; i.e., when bias is
sufficiently negative to stop the electron
beam. Also note the relative independ-
ence of grid-emission current of operat-
ing conditions (aside from temperature).

In general, manufacturers of modern
tubes have inanaged to maintain the in-
ternal vacuum at a very high level. This
has been achieved by careful processing
of parts and the use of highly efficient
getters. Such measures prevent signifi-
cant gas current.

Grid emission is reduced by keeping
the grid temperature low, and this is
achicved with the use of materials on the
grid that have good heat conductivity, or
by plating the lateral wires with gold or
silver.

Leakage results primarily from the
deposition of material that has subli-
mated out of the cathode. Modern cath-
ode materials, containing fewer impuri-
ties, have contributed to much lower
leakage levels than were considered
practical years ago.

Despite such advances, tube users
may run into unusually demanding ap-
plications that require careful tube selec-
tion or compensation for undesired grid
current. In such instances, the tests de-
scribed here, based on manufacturing
methods, can be used to determine the
nature of grid current so that proper
choice or compensation can be made. A

FAMOUS NAMES QUIZ
By JOE TERRA

GREAT many principles, components, and phenomena are referred to by the names of the
men who developed them. Can you match the names in the first column with the respective
instruments, components, or principles listed in the second column? Check your answers on page 111,

1. Adcock A. Antenna

2. Allstrom B. Valve

3. Ayrton C. Enclosure

4. Beverage D. Disc

5. Colpitts E. Direction finder
6. Edison F. Series

7. Faraday G. Bridge

8. Fleming H. Relay

9. Fourier I. Oscillator

www americanradiohistorv com

10. Heaviside J. Tube
11. Johnson K. Earth
12. Klipsch L. Shunt
13. Lowrence M. Base
14. Luxemburg N. Layer
15. Maxwell 0. Amplifier
16. Nipkow P. Shield
17. Wagner Q. Noise
18. Williamson R. Effect
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ATTACH
LABEL

ou ve recently chonged vour oddress or
n the near future, be sure to notify

¢. Place magozine address lobel

e and print your new address below,

NEW ADDRESS:

NAME

PLEASE PRINT
ADDRESS.
Ty ZONE_STATE

MAIL COPIES TO NEW ADDRESS STARTING

WITH ISSUE.

if you have any other questions
about your subscription be sure to
include your magazine address label

when writing vus.

Mail to: ELECTRONICS WORL

Wabaosh Avenue, Chicago 5, Illinais

434 50

NOW! FOR A REWARDING CAREER

LEARN TECHNICAL
WRITING or ILLUSTRATING

High-Pay Professional Opporfunities
for men with Elechronics experience!

2 New HOME-STUDY COURSES
SPONSORED BY NATIONAL DATA COMPANY
—for apph('am\_u uh. & years URGENT NEED FOR TRAINED
radio or electronics experience,

Minimum age 21. Requires High MEN. PROFESSIDNAL CAREER

School education or equisalent. —HIGH EARNINGS
— ADVANCEMENT — SECURITY

WRITE FOR FREE BULLETIN

Send outline of your educotion and elecironics

peri to Mr. Eart , Director of
Training, Technicol Schools Division. Depr. D-12,
NATIONAL DATA COMPANY, 1707 UNIVERSITY
AVE., SAN DIEGO 3 CALIFORNIA

Keep Moving Up
in Electronics

1963
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~
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JANUARY 22-26

Fourth Annuol ERA Nationol Convention. Spon-
sored by Electronic Representatives Association.
Mork Hopkins Hotel, San Francisco. Details from
ERA Headquarters, 600 South Michigan Ave.,
Chicago 5.

JANUARY 30-FEBRUARY 1

Fourth Winter Convention on Military Electronics.
Sponsored by PGMIL and Los Angeles Section of
IRE. Ambossador Hotel, Los Angeles, Calif. Pro-
grom information from IRE Los Angeles Office,
1435 La Cienega Blvd.

FEBRUARY 8-10

1963 Pacitic Electronic Trode Show (PETS). Spon-
sored by Association of Electronic Distributors.
Shrine Exposition Hall, Los Angeles. Details from
Associotion, 10480 National Blvd., Los Angeles
34. Att: Charlie Silvey, executive vice-president.

FEBRUARY 11-15

Third Internationol Symposium on Quantum Elec-
tronics. Sponsored by IRE, SFER, ONR. Unesco
Building & Parc de Exposition, Paris, France. Pro-
gram details from Madame Cauchy, Secretaire, 7
rve de Madrid, Paris 8me, France.

FEBRUARY 20-22

Internationol Solid Stote Circuits Conference.
Sponsored by PGCT, AIEE, Philadelphio Section
of IRE, University of Pennsylvania, Sheraton Hotel
and University of Pennsylvonia, Philadelphia. Pro-
gram information from S. K. Ghandi, Philco
Scientific Lab, Blue Bell, Pa.

MARCH 25-27

Convention on H.F. Communicotion. Sponsored
by the Electronics Division of the Institution of
Electrical Engineers. Program information from
Secretary, IEE, Savoy Place, london, W.C. 2,
England,

MARCH 25-28
{EEE Internotional Convention. Sponsored by all
Professional Groups of the IRE, Coliseum and
Waldorf-Astoria Hotel, New York. Details from
Or. D. B. Sincloir, IRE Headquorters, 1 E. 79th St.,
New York 21, N.Y.

APRIL 10-11

Fourth Symposium on Engineering Aspects of
Magnetohydrodynamics. Sponsored by PGNS,
AIEE, 1AS, University of California, Details from
Julian L. Dunlap, Thermonucleor Exp. Div., Oak
Ridge National Lab., Oak Ridge, Tenn.

APRIL 16-18

Clevelond Electronics Conference. Sponsored by
IEEE, ISA, Cleveland Physics Society, Case Insti-
tute, and Western Reserve University. Hotel Sher-
aton, Cleveland. Details from Lapine Enterprises,
310 Hotel Manger, Cleveland 14, Ohio.

Symposium on Opticol Mosers. Sponsored by
IRE, AIEE, Optical Society of America, U.S. De-
fense Research Agencies. Polytechnic Institute of
Brooklyn, N.Y. Details from Jerome Fox, Poly-
technic Institute of Brooklyn, 55 Johnson St.,
Brooklyn 1, N.Y.

APRIL 16-20

1963 British I.R.E. Convention. Sponsored by
British Institution of Rodio Engineers, University
of Southampton. Information from L.R.E., 9 Bed-
ford Square, London, W.C. 1, England.
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FOR THE ULTIMATE
IN AUDIO TAPE
RECORDING

agnecord

... Known and used the world
over to satisfy the most
demanding requirements for
performance and reliability

in audio recording and repro-
duction.

728 STEREO
The professional
standard. 7%2 and
15 ips. Superior
performance

in all areas.

748 STEREO

The Olympian . ..
champion of
recorders. 334 and
7Y2 ips. 4-track play
and record.

THE PT 6
The rugged, reliable
“Workhorse™ of the
broadcast industry.

THE P 75

“The Editor™ . ..
includes all of the
capabilities of the PT
6 plus extended
performance and
utility.

THE M 90
“Mighty” in all
performance
characteristics.
Magnecord’s finest
tape instrument.

Represented by leading audio
dealers and industrial elec-
tronics distributors. Write
today for additional informa-
tion regarding your specific

requirements.

WRITE TODAY FOR
MORE

INFORMATION

MAGNECORD SALES DEPARTMENT
MIDWESTERN INSTRUMENTS

P. 0. BOX 7509 * TULSA 35, OKLAHOMA
CIRCLE NO. 128 ON READER SERVICE PAGE
85
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HE-20C DELUXE CITIZENS BAND TRANSCEIVER

Now Officially Approved For use in CANADA By Dept. of TRANSPORT
Type Approval No. 169361029. Tops in CB world W 8 crystal con-
trolled receive positions, 8 crystal controlled transmit positions
W Tuneable over all 23 channels W Direct reading “S” meter indi-
cates RF Power Qutput, Transmitter and Antenna Efficiency and Re-
ceiver ““S” readings W Effective noise limiter M Built-in 12 or 6 volt
power supply for mobile use. With crystals for channel 9. ] 0950

No Money Down

RECORDS * | '
Sound-on- RK-140WX = 4995
Sound >

No Money
Down
4-TRACK STEREO TAPE DECK 9950 less case DELUXE 4-BAND SHCRTWAVE BROADCAST RECEIVER
) o . No Money Down M Tunes 550 kc to 30mc in four bands — Hear Europe. ships at sea, planes
Deluxe Professional Quality Built-in Transis- and amateurs B Sensitive superheterodyne circuit H Builtin “'S” meter
torized Stereo Record/Play Preamps B Electrical bandspread W Receives voice or code

B Plays: 4-Track Stereo, 2-Track Stereo,

and 4-Track Mono Tapes B Records: 4-

Track Stereo or Mono and Sound-on-Sound lA FAYE 3, E

W 2 Record Level Meters Wl Tape Index I l 5

Counter W Automatic Stop at end of tape . FOR

@ 2 Speeds: 3% ips and 7%2 ips B Fre-
guency Response @ 7Yz ips, 40-18,000 cps
@ Takes up to 77 reels.

EYE-OPENING Values

LAFAYETTE STEREO MULTIPLEX TUNERS

FM-AM STEREO
MULTIPLEX TUNERS

89°0..

EACH
2
for
62% o
No MULTIPLEX [
- TUNER ;
Down
LAFAYETTE 10-TRANSISTOR 7650 'LT-8TWX i" %
¢ il FMonly |
CITIZENS BAND WALK,E TA'.K“- No Money Down ,-
50% more powerful —now with 10 transistors, FEATURES OF BOTH LAFAYETTE TUNERS
plus diode, thermistor and extra RF stage W i ] )
Transmits and receives up to 2 miles W Highest Quality Reception—Superb Styling! W Wide-band Design W Duplex.3.-Gang
Up to 50 hours battery life M Push-to-talk tuning condenser provides tuned RF stage for greater sensitivity and selectivity W

Built-in Multiplex with excelient separation M Sensitive tuning Meters W Variable
AFC control I FM stereo Noise Filter I Smooth Flywheel Tuning.

ELECTRONICS WORLD

operation M ‘Complete with leather case,
earphone, antenna and batteries.
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RADIO

AFAYETTE, YOU GET
B CLUSIVE BENEFITS

e SATISFACTION GUARANTEED OR
MONEY REFUNDED. Use Lafay-
ette’s 30-Day FREE Home Trial.

o LARGEST STOCK SELECTION. If
it's in Hi-Fi or Electronics, it's
in the Llafayette Catalog.

e NO MONEY DOWN. Buy on time

with  Lafayette's Easy Pay

Credit Plan, up to 24 months

to pay.

OUTSTANDING
LAFAYETTE KITS

SERVICE

TRUE, CUSTOM-MATCHED STEREO

PICKERING

NEED NOT BE

“

LAFAYETTE

LA-224
GARRARD
AUTO SLIM LAFAYETTE
on Base SK-124 Speakers

YOU GET THESE SYSTEM MATCHED
COMPONENTS

= U38/AT Cartridge

EXPENSIVE —and isn’t at Lafayette!

A COMPLETE 24-WATT
STEREO PHONO SYSTEM

Only at Lafayette could you find an
outstanding, custom-matched stereo
system at such an amazing low price.

NO MONEY DOWN

Compare components, compare per-
formance, compare price—you’ll choose
YOU Lafayette.
SAVE

LS-225WXM  Specify: Pickering Cart-
ridge; wood base finish; Speaker Sys-
tem finish. Shpg. wt., 64 Ibs. Net 129.50

49.30

MAIL THIS COUPON TODAY for
YOUR FREE LAFAYETTE 630 CATALOG

Get One for a Friend Too

Lafayette LA-224 24-Watt Stereo Amplifier 49.95 .
Garrard Autoslim 4-Speed Record Changer 39.50 LAFAYETTE RADIO ELECTRONICS ,
Wood Base (Specify Walnut, Mhg. or Blonde) 395 Dept. RB-3-2, P.O. Box 10, Syosset, L.l,, N.Y, 388 ]
Pickering U38/AT Diamond Needle Cartridge 46.50 . " NT SIZE 3
2 Lafayette SK-124 2-Way Speaker Systems 0 Rush my FREE 388-page giant-size Lafayette \G'A PAGES i
(Specify walnut or mahogany) @ 19.95 each 38.90 ! gat‘:°g Shioi ]

end me # ; g

Regular Catalog Price 17880 E O : 'PPing charges collect i
i I am enclosing E
1 1
1 )
LAFAYETTE’S MAIL ORDER and SALES CENTER 1  Name :
- ]
oaaigar 7y SYOSSEL L1, NEW YORK Address i
== ML)~ 11 Jericho Turnpike 1 ) H
OTHER LOCATIONS City Zone . State [
NEW YORK, NEW YORK | SCARSDALE, NEW YORK | PARAMUS, NEW JERSEY ) ]
100 6th Avenue 691 Central (Park) Ave. 182 Route 17 Friend’s Name !
JAMAICA, NEW YORK | PLAINFIELD, NEW JERSEY BOSTON, MASS. 4
165-08 tiberty Avenue 139 W. 2nd Street 110 Federal Street Address '
BRONX, NEW YORK NEWARK, NEW JERSEY NATICK, MASS. . y
542 E. Fordham Rd, 24 Central Avenue 1400 Worcester Street City Zone State H
February, 1963 CIRCLE NO. 125 ON READER SERVICE PAGE 89
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CHAN.A
INPUT

TAPE DECK
PREAMP

By DON M. WHERRY

Construction details on a
transistorized playback
preamp featuring high gain,
low noise, and small size.

View of the top of the circuit board show-
ing the arrangement of all the components.

ITH the growing popular ac-
ceptance of the tape recorder
for stereo, many prospective

customers have to decide whether to
buy two full record-playback preamps
or simply two units of the playback
type. There is, however, a third alter-
native-—you can build your own pre-
amplifiers. If only the playback func-
tion is desired, this is amazingly simple
and inexpensive.

This article describes such a pre-
amplifier —a dual-channel, two-stage
transistorized playback unit. The fea-
tures of the preamplifier include: gain
of 800 at 1 kc., ample to drive any
power amplifier; over-all bass boost of
18 db: the use of only four inexpensive
transistors; a low noise figure of 55 db
below 1-millivolt input; and small size.

Fig. 1 shows the circuit schematic.
The circuit is relatively straightfor-

ward, employing fixed gain and fixed
bass boost by means of feedback from
the collector of the output stage to the
emitter of the input stage.

A word about this feedback value is
The output of a typical mag-

in order.

Front-panei vi~w of the author's home-construcied four-
transistor stercophonic tape-playback preamplifier unit.

90

netic playback head rises with frequency
to some fairly high value, above which
output falls suddenly. Some heads will
go out to higher frequencies than others
and some of the newer heads will hold
up a little better at the lower frequen-
cies, but the general shape of the re-
sponse is essentially the same for all
heads. It is necessary, then, for your
playback preamplifier to compensate
for the head roll-off at the lower fre-
quencies to present a flat response to
the power amplifier.

Ideally, the preamplifier should have
a response which is the exact opposite
of the head’s response curve. This would
produce a flat output from the pre-
amplifier into the main amplifier where
additional tone compensation could be
inserted to suit the listener’s taste. In
the case of the author’s unit, adequate
bass boost is provided to level out the
playback head output at low frequen-
cies only. The highs are taken care of
by adjusting the tone controls of the
main amplifier to suit.

The exact equalization curve can be
changed quite easily to suit individual

ClI (HIDDEN) "I

CHAN. A
QUTPUT

CHAN.B
INPUT

)

8.

SIMILAR PARTS LAYOUT FOR CHAN, B

CHAN. B
QUTPUT

needs by varying the values for R.. R,
and C.. Resistor R: governs the over-all
gain of the channel, both by altering
the gain of the first stage and by chang-
ing the feedback voltage. The larger the
resistance, the more feedback and the
lower the net gain—and vice versa.
Altering the value of R. will vary the
feedback voltage only and can be used
along with C. to set the shape, fre-
quency, and total amount of low-fre-
quency boost. The very high frequencies
can be boosted by shunting R. with a
suitable capacitor. However, this is not
particularly important as the main am-
plifier can do this satisfactorily with
its treble tone control.

The transistors are 2N369's manufac-
tured by Texas Instruments. These op-
erate very well in this circuit. They sell
for around $1.75 each and are quite
uniform, have a low noise figure, and
fairly high gain.

In this circuit, as in all transistor
circuits, correct base current (bias) is
important. It probably would be well
to tack R, and R. into the circuit tem-
porarily until the unit is tried. This will

4::;'0—0-225 v.D.C.

. ) T
< < <
rm$ 2N369  3R2 $R3 2N369 3R4
3 Vi C : v2 cs
22 outpur
T C.o— = '—01 CHANNEL
INPUT lll_ (_‘ 8 K c2
CHANNEL
A +1\-
c3
-
R&

3

gR5 R? RS

b:

&
hd h

R 510000 ohm, Vs w. res. P
R 22000 ohm, 'y w. res. =
R 910400 ohm, V) w. res. Cr. C—30 uf.. H0 v, elec. capacitor
R 62,000 ohm, ' w. res. C — .01 uf. mica capacitor
R 10,000 ohm, Vy w. res. C.—.2 uf. crramic capacitor
R.— 91.000 ohm. ' ; w. res. J.. J——Phono jack
R 200 ohm, 'y w. res. S ne-section of d.p.s.t. switch
K. 3900 ohm. 'y w. res. Voo Vo 2N369 transistor ( see text)

Nate: Duplicate the above for the second channel.

Fig.

www.americanradiohistorv.com

1. Circuit diagram and parts listing for one of the
two identical preamplifier channels that are required.

ELECTRONICS WORLD
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allow you to take them out and replace
with other values in case there is a
difference between your transistors and
those used by the author. If other trans-
istors are to be substituted for those
specified in the parts list, it is suggested
that R, and R. be omitted and one-
megohm pots be temporarily wired into
the circuit. These pots can then be ad-
justed for maximum output with no
clipping of the audio sine wave. Once
the correct settings are found, their
values can be inserted into the circuit.
The rest of the components should bhe
satisfactory for any reasonable substi-
tution.

The author’'s unit was built on a
printed-circuit board. This construction
method is not necessary but does have
the advantage of providing solid con-
struction, ease of component mounting,
and small size.

One word of caution: be sure not to
overheat the transistors when soldering
the leads. It is good practice to hold
the lead between the soldered connec-
tion and the transistor body with a pair
of long-nose pliers which acts as a heat
sink and protects the unit. The only
thing left after the wiring and solder-
ing are completed is to assemble the
board in a box. connect up a 22.5-volt
battery; and try it out. Be sure the
battery is connected in the correct pol-
arity. The current drain is very low.
only 1.1 ma. per channel. so a small
battery will last a long time.

Incidentally. the use of a battery will
be a revelation to those of you who
have worked long hours trying to elimi-
nate the hum caused by ground loops
in your audio equipment.

This unit will furnish adequate gain
to bring up the 1-mv. output of your
recorder head to some usable level. If
vou prefer less transistor hiss you can
buy quieter types—but not for $1.75.
The hiss is very low with these transis-
tors. however, so it is no problem as is.

Don’t try to use this unit with a
crystal phono pickup as it has too low
an input impedance and, in addition, will
have very poor low-frequency charac-

teristics. A

ey,

LU

ULl
"h b

““You have a problem, McVeal. Your dog
whistle changes channels on my TV.”

February, 1963
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GIANT
NEW 1963

BA CATALOG

SAVE |
UPTO S0%
o BA
SELECTED
KITS

/00
riws L197€0
f
HERE FOR
/=0 TIME

EIED GIND GEND SIS S BIEE S GEED S S IS GEEE D
BURSTEIN-APPLEBEE CO. Dept. M,
1012-14 McGee St., Kansas City 6, Mo.

l 0 Rush me New 1963 B-A Catalag Neo. 631.

T004y!

RUSK COuPON

B 2 ARGANS

NAME

ADDRESS

LOW - LOW $495.00

Complete system with all
tubes —wired and tested.
Less Vidicon and lens—
with Schematics (connect-
ing cables and plugs only
—supplied, but not as-
sembled)

CONTROL MONITOR
12 Tubes & 21DAP4

i

- 30 =
PAGES OF
NOT IN ANY PRICES
Or&ER
CATALOG

STATE

CIRCLE NO. 105 ON READER SERVICE PAGE

~ FANTASTIC VALUE IN CLOSED CIRCUIT TELEVISION
BRAND NEW—COMPLETE SYSTEM SHOWN

Fraction of Mfg. Sug. Retail Price

CAMERA n
4 Tubes & Vidicon

ONLY $649.50

Complete system with test
vidicon, 1 inch lens, and
assembled cables, schemat-
ics, wired and tested.

ELECTRONICALLY REGU-
LATED POWER SUPPLY

Tubes & Transistor—31.5
Kc. Crystal Controlled Oscilla-
tor 115 V.—A.C. 60 cycles.

EIA Standards of 525 lines, 60 Fields, 30 Frames and 2:1 interlace—Aspect
Ratio 7:3—Capable of 700 lines Horizontal resolution and 350 Lines Vertical

Write for Catalog #1273EW—'""HOW TO BUILD LOW COST TV CAMERAS,"

Industrial and Broadcast

Cameras and equipment, Miscellaneous accessories, lenses, tripods, etc. ONLY 50¢
DENSON ELECTRONICS CORP., Box 85, Rockville, Conn. Telephone TRemont 5-5198
CIRCLE NO. 109 ON READER SERVICE PAGE 91
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Micro

ELECTRON TUBE

FABULOUS LOW PRICES!
LARGE SELECT STOCKS!
DEPENDABLE, FAST SERVICE!

Each and every tube is tested in our
own taboratory for mutual conduct
ance and lite test.

We guarantee FREE replacement for
one year of any tube purchased from
us which taits te tunction efficiently
under any or atl operating condi-
tions. Prompt refunds are made on
any defective merchandise

The advertised tubes are not neces-
sarily new, but may be electrically
perfect factory seconds or used
tubes—each is clearly so marked,

L]
TAG/XXL
TAS

FAR

FAF

Tas

T

128NTGT
128Q7
12veGT
12wWeGT
12X4

1223 L
14AT /1287
1488

rqQ 14Q7
¥

T
XT/XXEM
Yé

19
¥ 19AU4GT
FOR OUR FREE COMPLETE LIST OF TUBES
& SPECIAL FURPDSE TUBES

LL TUBES SENT POSTAGE PAID. Plcase send 25¢
handting for orders under $5. Send 25 %, deposit on
C.D.D, orders. Send approximate postage on Canad-
ian and foreign orders.

MICR O cccrron Tuse co.

P.0. Box 55 Park Station_ Paterson 3 N. J.

CIRCLE NO. 129 ON READER SERVICE PAGE

SAY YOU SAWIT IN
Eleetronies World

HI-FI COMPONENTS

TAPE RECORDERS
SLEEP LEARN KITS

L cost, high lity recordin
MERITAPE o7 (o0, Mo ool 9
[—

tope, in boxes or cons

—
1523 JERICHO TPKE

AT FREE 1963 CATALOG
DRESSNER
LY NEw HYDE PARK 16 N.Y.
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The Electronic Antenna
(Continued from page 44)

impedances, no difference would be ob-
servable on the TV screen, whether the
amplifier be mast-mounted or antenna-
mounted. Likewise, since this very short
piece of 300-ohm line is properly termi-
nated with matching impedances at both
| ends, the amount of noise it can pick up
[is negligible and meaningless in  the
over-all system In fact, in most installa-
tions, the amplifier could be mounted
on the mast several feet below the an-
tenna without causing observable differ-
ence.

This, in turn, leads to the question of
amplifiers designed specifically for a par-
ticular antenna. Mechanically, the am-
plifier can, of course, be designed for
a particular antenna, such as having the
plastic case of the amplifier act as the
driver dipole terminal insulator. When
this is done, however, removal of the
amplifier for servicing leaves the dipole
assembly without a support at its ter-
minal point unless a special insulator is
made available.

Under some circumstances, it might
be desirable to design an amplifier elec-
tricallv for a specific antenna. For ex-
ample: an antenna that has good gain
on all low-band channels except channel
-4 could obviously benefit from an ampli-
fier that has more gain on channel 4 than
on the other channels. Likewise, if an
antenna has some unusual terminal-im-
pedance value, such as 1200 ohms,
again an amplifier specially  designed
with an input impedance of 1200 ohms
instead of 300 ohms would be desirable.
However, if proper engineering tech-
niques and design practices are used to
produce an antenna having proper gain
curve and impedance characteristics,
there should be no reason why such an
antenna would require a specially de-
signed amplifier.

The choice of using an antenna with
an amplifier, or simply a higher gain an-
tenna, or a stacked array, is never a
simple  “rule-of-thumb” procedure. If
noise pickup is our problem, its nature
and location is of importance, If the
difficulty is with transmission line pick-
up, it is entirely possible that simply
using a shielded transmission line will
satisfactorily correct the situation. In this
case, a shielded line would present to
the TV receiver a cleaner signal al-
though, because of its greater attenua-
tion or losses as compared to high-grade
300-ohm ribhon line. the level of the de-
sired signal would be reduced. If this
increased line loss reduces the desired
signal to a level that is too low, a
higher gain antenna or an amplifier,
would of course be required. If increas-
ing the gain of the antenna will provide
sufficient additional signal, this undoubt-
edly is the most economical way of ob-

www americanradiohistorv com

taining a satisfactory result. However, if
very large increase in gain (such as 10
db or more) is required, then the addi-
tion of an amplifier is indicated as being
more sensible. There are practical limi-
tations on the size and cost of antennas
intended to provide very large increases
m gain.

If the source of local noise is such that
most of the difficulty is being caused by
noise picked up directly by the antenna,
adding an amplifier will not improve the
situation, as it would simply amplify the
noise along with the desired signal, re-
sulting in a higher signal level but the
same offending signal-to-noise ratio. The
problem then reverts to the antenna,
which should have a narrower and more
discriminating directivity pattern. Even
though the very high db gain of an am-
plifier may be required because of ex-
tremely weak signal, in noisy locations
it would be desirable to have a highly di-
rectional (and high-gain, since they go
hand-in-hand) antenma to discriminate
against the noisc.

If one wishes to discriminate against
atmospheric noises from above the an-
tenna, or from other noise sources be-
low the antenna, the stacking of two
bavs would be advisable, as this would
increase gain primarily by narrowing the
vertical-plane response pattern. In very
weak signal areas with many local
sources of noise, a satisfactorv antenna
installation may require the stacking of
two bavs of very high gain antennas, to
produce the maximum discrimination
against all undesirable signals, and also
possible, an amplifier mounted near the
antenna on the mast to supply the TV
receiver with sufficient signal.

The problem can be summarized by
the difference in engineering philosophy
between the amplifier and a high-gain,
highly directional antenna. The job of
the booster, of course, is simply to ampli-
fv the signal presented to its input ter-
minals and, at the same time, add as little
noise as possible to the over-all system
from its own inherent internal noises
(determined by the signal-to-noise ratio
of the amplifier itself). Also the design
of the amplifier should be such that it
is not prone to overloading or cross
modulation from a strong, local signal.
The function of the antenna, however,
is to pick up a strong, clean signal for
presentation to the input of either the
amplifier or the TV set. Since the ampli-
fier and ‘or TV receiver must opevate on
the signal delivered by the antenna, the
choice of receiving antenna is of prime
importance. It is the most critical com-
ponent of the entire svstem, affecting
the operation of all other components
that follow it, including the amplifier.
In fact, in many special situations, an
antenna specifically designed to meet the
particular local requirements may be
indicated, whether an amplifier is used
or not, A
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ELECTRONIC
CROSSWORDS

By LUTHER A. GOTWALD, JR.

(Answer on page 111)
ACROSS DOWN
1. Geometric curves. 2. God of war.
i RR 3. All the resistance in a circuit
UG RS LR s . (schematic notation).
12. ll:]lgifsi}(\,rg lights used to “‘freeze 4. Belonging to (suffix).
15. A Chinese dialect 5. Early atomic theorist.
' imal ' 6. Reed instrument.
16. Farm animal. 7. Type of graph used in audio
17. Stereo speakers are mounted work.
like this. 8. While.
18. Earth. 9. Cantankerous command.
20. Part of the impedance of ana.c. 9. A sparkling bit.
circuit due to inductance and
capacitance. 11. Food fish.
21. Pick . 13. World War II agency.
22. Fuel consumption rate (abbr.). 14. Adds dimension to sound.
15. Turntable defect.
23. Type of speaker.
24. Moslem teacher. 19. A jolt.
. 23. Attenuator.
27. Chemical ending.
24. Transformer output (abbr.).
28. Pickup used to modulate FM )
system. 25. Fifty-one (Rom. num.).
30. Man's nickname. 26. Girl's name (var.).
27. In the work mentioned (abbr.).
31. Pronoun.
) . 28. Engincering degree (abbr.).
32. Professional ‘‘sound’ group
(abbr 29. Sphere of action.
34. Worthless things. 32. Concede.
37. Induction-type pickup. 33. Ins;)lli)lu;e for training ministers
: (abbr.).
40. Preposition. 35. It's usually housed in a ham
41. Another type of pickup. shack.
42. Charles II's “Nell.” 36. Needles.
43. Again (prefix). 37. Inaudible frequency tabbr.).
44. Shaded walk. 38. Prefix meaning ‘air.”
47. A chemical (abbr.). 33. Period.
48. Type of current produced by 45. French article.
putting pressure on a crystal. 46. Tuned circuits (abbr.).

2 3 4q 5 6 7

8 9 10 [N
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HEAR
DISTINGUISHED
SPEAKERS &

PANELISTS

at

’
l-TrRiIPLE-E
International Convention
and Exhibition in New York

MARCH 25, 26, 27, 28

The COLISEUM at Columbus Circle
& The WALDORF ASTORIA HOTEL

.. MEMBERS $1.00; NON-MEMBERS $3.00
admission: U INIMUM AGE: 18

SHOW

(formerly the IRE Show)

1. 822000006060 8808.6.8
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Superior’'s New Model 820

TUBE TESTER

TESTS ALL MODERN TUBES
INCLUDING THE NEW

¥ NOVARS
¥ NUVISTORS

10 PINS
v 12 PIN
COMPACTRONS

Employs new improved emission circuit.

Tests over 850 tube types.

Tests 0Z4 and other gas filled tubes.

Employs new 4” meter with sealed air-damping
chamber resulting in accurate vibrationless readings.

Use of 26 sockets permits testing all popular tube types.
Dual Scale meter permits testing of low current tubes.

7 and 9 pin straighteners mounted on panel.

All sections of multi-element tubes tested simultaneously.
Uttra-sensitive leakage test circuit will indicate

leakage up to 5 megohms.
$3 850

SHIPPED ON APPROVAL
NO MONEY WITH ORDER - NO C. 0.D.

Try 1t for 13 days before You
buy. If completely satisfied
then send $5.00 and pay
balance st rate of $5.00 per
month until total price of
$38.50 (plus postage) is pald

MOSS ELECTRONIC, INC. DEPT. D-831
AR49 Tenth Ave.. New York 34, N.Y.

Please rush Model 820. If satistactory, I will pa.

on terms specified. Otherwise I will return lelur

S

February,

1963

-~ No Interest or Finance Address.

Charges Added! If not com-

pletely satisfled, return to City, Zone—State — |

us, no y. ANl prices net. FOB N.Y.C. 1
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.-+~ OF THE WORLD'S FINEST
X ELECTRONIC GOV'T
SURPLUS BARGAINS

HUGE SELECTION—
OUTSTANDING "BUYS"
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PARABOLIC
ANTENNA

ANfENNA REFLECTOR- -Four (4}
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type with 21" antenna
d #Y rouml mounting for
1 & 15 16”7 x 8 RT owmve guide. for
N ipmex. TLOO MO four mount
g Ackets with hardwuare,
PPainted av. Net Wit 535 Ibs,
4 9S8
\ 29
Price——with heater 53995
defrost attachment
ate Al mnum Plane
ronigruatien Maunted
e reflector and
bt Wath hecessary
n
hy ® P Long—Net Wtz
.2 Shpg, Wt S 500
I'rice '
o} e 12 Ft. L. Shpg. Wt -
soan b 512500
Address Dept. EW ¢ Prices F.0.B., Lima, 0.

259, Deposit on C.0.D.’s ¢+ Minimum Order $5.00
SEND FOR CATALOG!

R RADIO EII.BE
2133 ELIDA RD. ox OS5
_CIRCLEND. 116 ON READER s:n

SPECIAL STEREQ
CABLE ASSEMBLIES

FOR CONNECTING
2 PIECES

OF STEREQ
EQUIPMERT

yy

¢ Eliminate Soldering
+ Make a Quick,
Clean
Connection

Connect your Stereo Amplifier to Multiplex
Adapter, Record Changer, Turntable or Tape
Recorder!

Construction—Two shielded insulated cables,
inside o common chrome grey plastic jacket, pro-
vide for two completely isolated channels, Sep-
arately insuloted shields minimize the ‘‘ground
laop’* problem.

Available with two straight Phona Plugs on
each end, plugs color coded for channel identi-
fication. Also available with twa straight Phono
Plugs on one end ta stripped and tinned ends,
plugs and inner jackets color coded. 3°, &' and
10’ lengths—from $2.90 up.

Contact your dealer or write us for name of
dealer nearest youd

i

= ®

5577 N. ELSTON AVE. o ILL.
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AT ] SIMPLE TRANSISTOR CHECKER

By A. J. MOLINARA

1A is a schematic of a conven-
tional small-signal transistor g
checker. To measure the 3 vou would
adjust R to obtain a value of base cur-
rent, 1., read on M. The collector cur-
rent, 1., is then noted on .. The 3 of the
transistor is the ratio of the collector
current to the base current (3 -1 /1)
The author found that when the base
current was varied to obtain difterent
readings for current-gain measurements,
there were instances when excessive
base-input current caused a misleading
gain figure.

With the circuit shown in Fig. 1B, this
shortcoming was surmounted by fixing
the hase-input current at 20 ga., an opti-
mum value for the general run of small-
sighal transistors. With the base corrent
Ix held constant at 20 ga. (0.02 ma.) the
current-gain - formula becomes 8- 1.
0.02, which equals 30/, (All terms must
be in the same wunits, i.e., ma. or pa.)
Therefore with a fixed base-input cinrrent
of 20 pa., it is merely necessary to multi-
ply the collector-current reading by 50
to determine B.

Complete Circuit

The tester shown in Fig. 2 nses a 1 ma.
meter so a full-scale indication represents
a transistor 8 of 30. To increase the range
four times, the meter must be shunted to
indicate four ma. full-scale. Then a full-

8 of 200. An indication of .2 on the meter
when operating in the x30 range re-
quires multiplving .2 50 10. The
same .2 indication on the x 200 runge
requires multiplving .2 < 200 - 40,

To determine the value of the shimt,
Rs, adjust a 5000-chm pot, connected in
series with a 0-1 ma. meter and a 1.5-v.
battery, until the meter indicates 1 ma.
Connect another pot in parallel with the
meter and adjust it to reduce the meter
indication to .23 ma. Measure the resist-
ance of the shunt pot and buy or wind a
resistor of the same value. To be sure
that the value is correct, check a tran-
sistor on the 30 range and then switch
to the x200 range. The gain figures
should be the same. A transistor that in-
dicates .8 on the x 30 range should indi-
cate .2 on the x 200 range.

In Figs. 1B and 2 a 300.000-ohm re-
sistor in the transistor base circuit fixes
the base input current at 20 ga. The
2200-ohm resistor limits the collector
current. S., in Fig, 2, determines gain or
leakage (1oan) test. Normal Lo leakage
should be below 3 pa. Transistors with a
leakage current over 10 pa. are question-
able. For a more accurate leakage-cur-
rent reading. a microammeter may he
used instead of a milliammeter. First take
a reading with the milliammeter to make
certain the cinrent does not exceed the
range of the microammeter. Be sure, too,

scale reading will represent a transistor  that S is in the leakage position. A
22k
¢ 3
Ts,_ s _09' [
C MZ(: ) +
2 6V —
& —I_
s2
Rl MA
R
i L
{A} 8}
Fig. 1. (A) Conventional d.c.-beta test circuit. (B) Simpler circuit used by author.
Fig. 2. Checker measures gain to 200, and leakage of “n-p-n'" and “‘p-n-p’’ transistors.
I
Fm————_———— —— — — -
l. NPN 1 enp| | @
- s2 NPN
x50 8. RANGE
+
Re I
X200 ex
Ji J2
LEAKAGE
O-1 MA.
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Radio & TV News

FEvents in the Service Industry

T EXT for this month’s sermon: Intel-
ligence is inborn, but wisdom must
be learned.

With time, the service industry has
come to bring riper insight to its stand-
ing problems, opening the way to more
constructive remedies. Once all ills were
caused by manufacturers, distributors,
and sundowners. Such measures as i
censing and selective buying would cure
evervthing.  Today the mentioned
groups, although still recognized as fac-
tors, are not branded as pure and simple
scapegoats with exclusive responsibility.
And it is realized that the problems will
not vanish miraculously when such
magic wands as licensing are waved.

Consider, for example, a recent evalu-
ation of the part-timer—who may learn
to qualify for a license, if he has to. In
an article entitled “Pool Your Resources

. and Survive,” NATESA spokesman
Frank Moch points to an underlyving
factor: the trend to a shorter work week
—as short as 25 honrs in some industries
today. The growing reserve of working
people with time on their hands will
feed the part-time pool, come what may
from other directions.

He also takes a fresh look at manu-
facturer-controlled service, whether it he
of the directly “captive” variety or in the
form of an “extended warranty.” There
has been much talk over the fact that we
have passed from an economy oriented
toward goods to one oriented toward
service. That is to sav, slightly more
than half of the consumer’s dollars are
spent on services right now, and the
shift will continue from vear to year.
This meuans that big business. including
TV set makers, will become increasingly
interested in bidding for the money
spent on services,

Plan for Action

Moch survevs some of the other prob-
lems in the sume way, But the real point
is that, if the economy is incvitably
changing, the small shop must anticipate
and adjust to reality.

Although it will mean the surrender
of some traditional, “rugged individual-
ism.” his program nevertheless aims to
preserve the basic individualism  of
small, private ownership. He feels that
dealers should act in concert (obviously
through such existing instruments as
their associations), where separate ac-
tion is fruitless.

Advertising is one area named. One
shop has neither the resources nor the
know-how to Luunch an effective cam-
paign, particularly if it can expect to
biuck a company with a big budget in

Febrvary, 1963

the future. Pooling resources will enable
the hiring of specialists to devise effec-
tive campaigns, and consumer response
to such ads could be divided on a geo-
graphical or other equitable basis.

Buyving of parts can also be done in
combination, although this does not
necessarily mean bypassing of regular
distributors, he points out. Larger pur-
chases will mean better prices and will
also encourage those distributors not
competing with their dealer customers
on the retail level.

Cooperation can also be extended to
retailing TV and radio sets, which mam
service people have abandoned in the
face of stiff price competition. Control
of sales is an important asset in obtain-
ing service work. Services can meet comn-
petition if they join hands for large-scale
buying.

Centralized Service

Finally, the pooling of equipment and
skill can produce perhaps the most im-
portant economy of all, without sacrific-
ing the personalized hut wasteful tvpe
of service, represented by the one- or
two-man shop, that the public seems to
prefer. Most bench work could be done
in centralized shops, for example, where
complete  equipment  and  substantial
parts inventories would be maintained.
Economy would be made possible by
the large volume of work.

Each dealer would still retain his own
accounts and deal with them on an indi-
vidnal hasis. The pooled facility would
also take advantage of each man’s spe-
cialty. If vou are a wizard on the Admiral
line. for example, you would concentrate
on this brand no matter who brought the
set in. On the other hand, if Philco sets
are off your beaten path, the ones vou
ran into would be tackled by another
specialist,

The principle also extends to types of
equipment other than radios and TV
sets. Knowing little about tape recorders
is no problem, if somecone clse in the
“combine” can eat them alive. In fact.
Moch suggests, the principle could ex-
tend to the type of diversification that
evens out seasonal peaks and vallevs.

He stops short of details at this point,
however, Realizing the concept’s new-
ness, he chooses to go no further until
he can get some feedback reaction. If
opinion is favorable, he promises to carry
the basic notion further. He also notes
that he considers the “davs of the in-
dustry as now constituted” (uite limited,
with some plan for the future becoming
increasingly important.

More on this next month, A
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Keep controls
and switches

QUIET!
“QUIETROLE

The original products of its kind.

An Industry

Used by every segment of the in-
dustry. Those who know, know the
difference that makes it the best.
Imitations are only poor substitutes.
”
Supplied in
2-4-8 oz.
bottles and t
6 oz. Spray-
Pack with
extender. i

manufactured by

: QUIETROLE <o

o Spartanburg, Seuth Carolina

In Canada: CROSS CANADA ELECTRONICS
12 Laurel Street, Waterloo, Ontario
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REGULAR McGEE'S

auallty and value, Made to sell at $200.00, McGee
offers them for only $99.93. Metal cover. $S5.95
extra, \\orks with any record changer and tuner. Lase
with anv stood 1H-FI spe ck. r-. Only SO0 to sell. order
yours : sight,

Comuination offer: A%
with Garrard Ty
1wo  Stephens mrn wide-range 12" speakers. all
for only $28%

Woml ha~e for Ty e A, $4.95. LRS3, 45 RPM spindle.
$3.80. Dewald N8B, FM-AM selt-powered tuner.
$54.50 extra.

The Stromberg-Carison ASR-880 is one of the most
powerful stereo amplifiers available at any price.
Designed with the flexibility of a recordlnu studio
control panel, each channel has individual tone con.
trols and professional mixer-type separate volume
controls which operate in conjunction with the master
Rain control. Specially engineered output transtormers
utilize massive, grain-oriented steel cores for ex-
ceptionally rood low frequency oower handling with
minimum distortion, In rating the ASR-880 a leading
test laboratory reported ‘‘A pleasant surprise came in
measuring the power output of the ASR-.-880. Each
channel delivered SO watts at 2% harmonic distor-
tion. or 48 watts at 17. distortion. This is unusual
in an ampl"ler rated at 32 watts per channel!. Only
0.6 or 0.7 millivoits at the phono inputs will drive
the amplifier to 10 watts output per channel. At
normal gain settings of the unit the hum level is
hetter than 70 db below 10 watts even on_ phono
nput. This Is completely inaudible. The ASR-880
has a rare combination of very high gain and very
low hum, The amplifier has a number ot special
features such as center channel output and a very
eftective channel-balancing system., as well as me

Sensitivity: Tuner, 0.2V: Magnetic Pho 2.5MV;
Ceramic Phono, 0.4V. Input Impedance: Tuner Aux.
1 megahm: Magnetic Phono, 47K ah m: Ceramic
Phone ‘Tape, 2.2 Output i of 4,
8 and 16 ohms on both channels and 8, 16 ohms
across 4 ohm taps on center spraker. High imped-
ance output for tape recorder. Tone control range:
Bass 150 cns) plus or minus 17 db: Treble (20kc)
plus or minus 1S5 db. Two Ac power outlets, one
switched, Overall size, 1317,” x 434" High and 1314
deep, Tubes: 4-735S, 2.7 199. 4 ECC- BJ's Gold vlnlsn
metal front panei with gold color

1901 McGee St., Kansas City 8, Missouri

StARteon - 64 WATT
STEREO AMPLIFIER SALE

$199.50 pRicE$99.95

\nvrhl Cartoad I'urchase Sale! New, Factory
= 63 watt (12 watts per channel) Stereo-HIF1
Aulhllll(‘r Model ASR.BR0, It~ all there ix

0.

R
HEO 0w att Stereo amplifier
hure M7 cartridge and

. Nhipping

g
e '!-u' -n_q.' -l
AT e L —
| W . Lol s

SPECIFICATIONS

usual sierco tunctions tound in all good 1mpnnors

nol
WRITE FOR McGEE'S 1963, 176 PAGE CATALOG

McGEE RADIO CO.
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CTRANSFIRE

TRANSISTOR
IGNITION

READY-TO-INSTALL CONVERSIONS

YOU can get TOP MILEAGE, HIGHEST PERFORM-
ANCE, LONGER POINT & PLUG LIFE, BETTER WIN-
TER STARTING, and MANY OTHER ADVANTAGES with
one of our INEXPENSIVE TRANSFIRE systems.
These include HERMETICALLY-SEALED AMPLIFIER,
HIGH-RATIO COIL, BALLASTS, Leads & hardware.

MODEL T 6 or 12v. neg. grd. . . $39.95
MODEL T2 TwO TRANSISTORS

250:1 coil ... $44.95
MODEL TP 6 or 12v. pos. grd. direct

installation wo. insulating points .. $54.95
MODEL TS Special. 40kv system .... $59.95
MODEL TS? TWO TRANSISTORS,

400:1 coil ...t $49.95

TWO-TRANSISTOR KITS Everything needed to build

conversion. Includes transistors, coil, ballasts,
heat sink. decal, etc.
KT2 with TX250 coil for 30kv output . $34.95
KTS2 with T400 coil for 40kv output . $39.95
KT1 one transistor with 400:1 coil . $29.95

6 or 12v. Negative-ground only. Point insulation
kit adapts to positive ground, $2.50 pp

1 o0z. Epoxy potting plastic in mixing bag $1.95 pp.
HIGH-RATIO IGNITION COILS with free circuit dia-

gram,
TX250 Heavy duty coil 250:1 ratio ... $ 9.95
T400 HIGH EFFICIENCY 400:1 coil for
HIGHER OUTPUT and/or LOWE
TRANSISTOR VOLTAGE ......... . $14.95

FULL LINE of PARTS at NET PRICES.

Free lists. Dealer opportunities. Marine models
available. When ordering, specify voltage and car.
Add postage for 4 Ibs. on kits and conv's; 3 Ibs. on
coils. $5.00 deposit with COD's.

PALMER ELECTRONICS LABORATORIES Inc.
CARLISLE 1, MASS. 617—AL 6-2626

CIRCLE NO. 135 ON READER SERVICE PAGE

AMERTRAN PLATE TRANSFORMER
;rllr‘v;ary 105-12% AC. 60 Cy Seconda

0-3100 V.
(2 KVA} Price

' $75.00

FILAMENT TRANSFORMERS
All 110 VOLTS—60 CYCLES unless noted

CAA a4 2Ty

Sec. 6.3 V. .6 A. 7S¢ Sec, 6.3 V. 5 A. $1.95
Sec. 6.3 V. 4 A, 1.7S5 Sec. 6.3 V, 10 A, 2.50

Sec. 6.3 V, 28 A. 4,78
SeC, 12,6 V. 8 A ... .. ... $ 2.8s
Scc. 6.3 V5 A. 6.3V 104, SVSA $ 2.95
Scc. 5 V 52 Amps (16 KV ins)...... $17.95
210 Pri. 60 cy. Sec. 1.6 V 1100 amp. $18.95

RELAYS

6 VOLT DC 3PST—N.O........u.nossossss
12 VOLY DC OPDT. .. ... .
110 V. AC SPOT Plug-ln .
110 V. AC 4 PDT lSA

SILICON RECTIFIERS

PIv Curven( Price | PIV Current Price
;gg ggg " --_2’3 400 2 Amps $1.00
. 100 1S Amps 1.50
400 500 Ma S0 1 500 15 Amps 2.75
750 $00 Ma 90| 4
200 750 Ma E30][[SCOREESIAmOS RIS
300 730 Ma 1 SO 50 Amps 3.50
100 2 Amps 38| 100 s0 amps 4.25
200 2 Amps .58 1 200 SO Amps $.00
BRAND NEW OIL CONDENSERS
S50 MFD 200 vDC 4. 50 2 MFD 2000 VDC 1.50
2 MFD 0 vhC 4 MFD 2000 VIt 3.50
3 mMFD ll()() vhe .60 6 MFD 2500 VDC 5.50
4 MFD 600 ¥DC 75| 2 MFD 4000 VDC 6.25
S MFD 40O VIXC .80 3 MFD 4000 VDC 8.95
€ MFD GO0 VDC  .B85| 4 MFD 4000 ~ 12,95
8 MFD 600 vDC .95 1 MFD 5000 VDC 4.30
10 MFD 600 VIIC 1,19 2 MFD 000 VI 8.50
12 MFD 600 VDIC 1.50| 4 MFD 6000 VDC 15.95
1 MFD 1000 VDC .30 .S MFD 7500 VIIC 2.95
2 MFD 1000 YDC 70| 1 MFO 75110 VIIC 6.95
4 MFD 1000 vDC 1.35] 2 MFD 7500 ~ 17,95
B8 MFD 1000 VIN' 1.95]| 2 MFD 10.000 ~ 29.95
10 MFD 101k VIIC 2.50| 2 MFD 12,500 * 34.!0
12 MFD 1000 VDC 2.95| 1 MFD 13 0tn) ~ 425
1 MFD 1200 YIC .45 2 MFD lB 000 ” 69 SO
1 MFD 1500 VYC .78 1 MFD 20.000 ” 59.50
2 MFD 1500 VI 1.10] .8 MFD 25 000 ~ 34.95
4 MFD 1500 VI 1,95 1 MFD 25,00() ~ 69. S!
8 MFD 1500 ¥DC 2.95 |10 MFD "t A0 1.98
1 MFD 2000 YDC .8S]| 3

MFD 1000 VAC 1. 9!

SPECIALS
9 FT, RG11/U with 2 PLZSQ Plugs.
VACUUM SWITCH GL1S
BC 442AM ANTENNA BOX
212" Meter 100-0-100 Microamps .
0-365 MMF VARIABLE CONDENSEN l/.

Shaft 75¢

PEAK ELECTRONICS CO.
66 W. Broadway, New York 7, N. Y., W0-2-2370
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EW Lab Tested

(Continued from page 20)

its versatility. Using the earphone, audi-
ble output could he obtained from inputs
as low as 3 millivolts at 100 mc., mod-
ulated 30%. Even FM signals could be
picked up necar the tnbe envelopes in
the multiplex and audio sections of re-
ceivers. The microwave demodulator
vielded andible outputs at 1200 me. at

a —30 db level, corresponding to 0.7
millivolt. at 100% modulation.

Viewing the output on an oscilloscope,
we were able to pick up the acoustic
output of oscillating quartz crystals by
touching the vibration pickup to the
crystal case, at frequencies as high as
100 ke, The possible uses of this com-
pact instrament are limitless, and surely
go far bevond the usual signal-tracing
techuiques. It is ruggedly built and
finely finished. The unit sells for $140. A

Citroen Model 660 Tape Recorder

For copy of manufacturer's hrochure, cirele No. 60 on coupon (page 13)

P()RT\BLE batterv-operated tape
recorders have generally fallen into
two price categories, one sclling for
about $20 and the other for several hun-
dred dollars. The former is little more
than a tov, lacking constant-speed cap-
stan drives, and with such poor quality
that even speech is often nnintelligible.
The latter, fully professional in quality,
is too expensive for the average nser.
The Citroen 660 represents an inter-
esting compromise between these two
extremes. It is light and portable. meas-
uring onlv T¥” x 77 x 2%” and weighing
3% pounds in its leather carrving case,
and has many of the operating conven-
iences found on home tape recorders.
The capstan drive has tape speeds of
1% ips and 3% ips. The transistor ampli-
fier and motor are powered from six
penlite cells, installed in a removable
cartridge. Unlike cheaper portable re-
corders. the 660 has a bias/ erase oscil-
lator. motor-driven rewind, a safety in-
terlock for recording. and a tiny meter
tor monitoring recording level and bat-
tery voltage. It is beautifully finished in
polished chrome and black wrinkle, and
has a transparent window to allow in-
spection of the reels during operation,
The recorder can accommodate 3”7
reels, which hold up to 600 feet of %-mil
tape. Being a half-track machine, it can
record up to 2 hours on a reel at 1% ips
or 1 hour at 3% ips. The basic price of
$149.50 includes the leather carrving
case, hatteries, microphone with remote-
control  switch, earphone, telephone
pickup, take-up veel, and a reel of tape.
An additional $39.50 buys an accessory
kit including an adapter for powering
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RESPONSE-DB

the recorder from the cigarette lighter
socket of a car, a foot-operated remote-
control switch, and an a.c. power supply.

The 660 is not a high-fidelity recorder,
and is not sold as such. Its chief nseful
ness would seem to be as a dictation
machine. operating independently  of
power sources. A demonstration music
tape supplied with the recorder pro-
duced highly listenable sonnd. compar-
able to that of a table model radio The
two 217 speakers produced more than
adequate volume Voice recordings came
out well. but the wow and flutter made
music recording impractical

Since we didn't have a 300-foot reel
of tape available, we wound some stand-
ard 1-mil tape on a 3” reel for our tests.
The record/playback  frequency  re-
sponse at 3% ips was = 3 db from 100
to 3300 cps. and at 1% ips was = 3 db
from 125 to 2300 cps. The signal-to-
noise ratio was 38 db (there was no
hum. of course. only a slight background
hiss). At either tape speed, the wow
was 1% and flntter was 0.25%. The flutter
was at a low rate. producing an audible
gargling sound more annoving than the
numerical figure might suggest. Rewind
time for the demonstration reel (pre-
sumably 300 feet) was 1 min., 40 sec.

As a means of writing voice letters,
dictating, or taking verbal notes when
a.c. power is not available, the 660
would seem to be quite satisfactory.
Plavback of pre-recorded 3%-ips tapes,
cut to fit 3”7 reels, can also be done it the
music does not contain many sustained
notes.

(IEditor's Note: We hace just been in-
formed that the Model 660 is now being
supplicd with a 7h-ips conversion kit.
With this addition and improvements in
design, the manufacturer claims that the
wow and flutter are less than .18% ran.s.
and that the frequency range has heen
extended to 75-15,000 cps = 5 dh.) A
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Electric Shock—On Purpose

(Continued from page 32)

Defibrillator that is suitable for both
closed- and open-chest resuscitation.

bly, including the merenry cells and
other components. is potted in epoxy
resin to prevent shifting of the compo-
nents. strain on the conmecting leads, and
to keep out the body flirids which are
electrically concuctive and would cause
short circnits. In addition. the assembly
is encapsulated in a double shell of sili-
cone rubber.

Implantation

The pacemaker is implanted in the
subcutaneous abdominal tissues. Lead
wires from the pacemaker are connected
to a pair of clectrodes buried in the myo-
cardium  (heart muscle) and  held in
place by sutures. As a safety feature, an-
other set of leads is brought out from the
pacemaker. This subcutancons extension
terminates slightly below the skin. In an
emergencey, a surgeon can make a small
incision to reach the extension leads. In
the event of failure of the internal pace-
maker, an external unit can be connected
to the exposed extension leads. In addi-
tion, an oscilloscope can be connected
to these leads to determine whether the
failire is in the pacemaker proper or in
the heart electrodes or leads. Another
emergency use of the extension leads is
that they can be used to short out a cur-
rent-limiting 1esistor in series with the
pacemaker output. This increases the
output cwrrent of the pacemaker to
compensate for increased  stimulation
threshold due to increased electrode re-
sistance.

The pacemaker ends of the electrodes
terminate in stainless steel pins. These
plug into jacks in the pacemaker and are
held in place by setscerews. The jacks and
setscrews are then covered with a coat-
ing of silicone rubber. Since the elec-
trodes in the myocardium  must “ride”

February, 1963

In these times . . .

every man needs the tremendous coverage,
engineered precision, and incomparable
reliability of a hallicrafters.

What you can hear:

Shlrl Wave/AM
ications Receiver

" 408 ko, — 31 Mc.

plug 185420 ke,

$99.95

English-language news throughout the

world « Hundreds of foreign stations « Radio amateurs e
Marine and aviation communications  Local broadcast and
Conelrad « Citizens band ¢ Military channels s Voice of America
e Foreign languages « WWYV international time reports e
Continuous aviation weather o Civil and emergency frequencies

Features for best reception: Electrical bandspread for ultra-fine
tuning « BFO for code reception  Automatic Noise Limiter »

Slide-rule dial with logging scale « hcadphone jack e tuner
output jack for use with existing audio system e Socket
for emergency or portable use on DC,

For complete specifications,

write to . . . ﬁa///.CfGﬁEfS

Dept. 14-A, 5th & Kostner Aves., Chicago 24, 11l

.. . where the new ideas in communications are born.

Export: Commercial Department, Hallicrafters
Canada: Gould Sales Company, Montreal, P.Q.

W= S§-120 Communications Re-
ceiver $69.95 ¢ Short wave
1.6 - 30 Mc. plus AM in four
bands e Electrical band-
. spread ¢ Headset jack o
BFO for code e Builtin
speaker ¢ SWL whip anten-
na included.

_CIRCLE NO.

The 315A is an efficient con
verter for non-critical installa
tion with home or auto sets
Available in two ranges. 26-54
or 115-170 MC. Tunes 12 MC in
low range 30 MC in high range.

Specify range s l 4.95 “

315A/T same as above but for use with
small AC-DC table sets delivers audio
$14.95
Order today or send for free catalog on full line
of converters and receivers for every application

KUHN ELECTRONICS
CINCINNATI 17, DHIO

-

Convert any Qelevislon to

BIG- SCREEN OSCILLOSCOPE

N
Inpet clr uI( ; Nv
1 <. TECH-
NICIANS. HAMS, ElPE“IMENT
E“S B“OADCASY:“S 1

“FULL PLANS $2.
EW-2,Box 10563,Houston 18, Tex

| ReLco,oept.
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SX-110 Communications Re-
ceiver $169.95 « Four bands:
AM plus 1.6 - 34 Mc. short
wave ¢ Electrical band-
spread ¢ Dial calibrated for
amateur bands e Antenna
trimmer, *S" meter ¢ Crys-
tal filter, BFO, ANL ¢ 7
tubes plus rectifier.
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ENGINEERING J B.S. DEGREE
SCIENCE | IN 36 MOS.

@__1 : ",
P e

U.S. NEEDS 50.000 NEW ENGINEERS L) YEARI
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FREE _
CAREER.:
BOOKLET::
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to guide you

to a

successful future
in

ELECTRONICS
RADIO-TV
COMPUTERS

ELECTRICAL
ENGINEERING

This interesting pictorial booklet
tells you how you can prepare for a
dynamic career as an Electrical En-
gineer or Engineering Technician in
many exciting, growing fields:

MISSILES - RADAR ° RESEARCH
ELECTRICAL POWER * ROCKETRY
AUTOMATION * AVIONICS
SALES * DEVELOPMENT

Get all the facts about job opportu-
nities, length of study, courses
offered, degrees you can earn,
scholarships, part-time work — as
well as pictures of the Milwaukee
School of Engineering’s educational
and recreational facilities. No obli-
gation — it's yours free.

MILWAUKEE SCHOOL OF ENGINEERING

MAIL COUPON TODAY! ]

MILWAUKEE SCHOOL OF ENGINEERING
Dept. EW-23, 1025 N, Milwaukee St,
Milwaukee, Wisconsin -

Please send FREE '‘Your Career’ booklet
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[ with the movements of the heart, they

are subjected to changing mechanical
forces at a rate of approximately 30,000, -
000 cycles per vear. The possibility of
mechanical failure of the electrodes and
lead wires is therefore an important fac-
tor in pacemaker design. Helical spring
electrodes withstand material fatigue
and breakage pressures far in excess of
normal stresses. The conducting element
is & continuous coil of platinum-iridium
alloy of high corrosion resistance. The
tips of the two electrodes are inserted
into the left ventricle of the heart, about
one centimeter apart, and are held in
place by sutures passing through the
myocardinm.

Eloctronic Muscle Activator

The Theratronic ( Theratron Corp., St.
Paul, Minn.) muscle stimulator elimi-
nates the need of a lower leg brace for
hemiplegic patients. In such patients the
motor signal from the brain is lost as a
result of cortical or peripheral nerve
damage. For this reason, the lower leg
muscles caimnot contract as they should
during & normal walking-cycle,

The activator is a pulse generator
which simulates the missing motor sig-
nal from the brain, and these pulses are

Fig. 9. Stimulator is worn on leg and
is used to cause the leg muscle to contract
at proper time for near-normal walking.

applied to electrodes on the patient’s leg.
Turned on and off by a heel switch in the
shoe, the pulse generator causes contrac-
tion of the leg muscles at the proper time
during the walking-cvcle. This is illus-
trated in Fig. 9. As the heel is lifted,
pressure is removed from the heel switch
and the pulse generator turns on. Nega-
tive pulses, adjustable in the range of 20
to 80 volts, are now applied to the leg
electrodes. As a result, the foot-lifting
(dorsi-flexor) muscle is activated to pro-
duce the lift and carry-throngh motion
of the leg. When the foot is set down.
pressure is again applied to the heel
switch and the pulse generator turns off.
This artificial and correctly timed stim-
lation of the leg muscle eliminates the
drag-and-shuflle gait of typical hemi-
plegic patients,
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The complete muscle activator con-
sists of the stimulator, battery pack, heel
switch, pulse-upplicator (active) elec-
trode, and a reference electrode. The
stimulator and the battery pack interlock
to provide electrical coupling. This stim-
ulator-battery assembly is fitted with belt
loops and is contoured to fit the waist or
upper leg. Total weight, including the
electrodes and heel switch, is less than
one pound. A re-energizer unit is avail-
able for recharging the nickel-cadmium
battery pack. Charge life of the battery
is approximately two weeks on the basis
of 30 per-cent usage. For safety pur-
poses, h()\\'e\'or, it is recommended that
the battery be charged overnight once
each week,

The stimulator output consists of neg-
ative pulses in the frequency range of 40
to 60 pulses per second. Pulse amplitude
is adjustable from 20 to 80 volts, and
output current is nominally 7 milliam-
peres. This output is applied to the pa-
tient through a pair of electrodes. The
disposable electrodes are neutral colored
for cosmetic effect and are flexible to
conform to limb contours. An electrically
conductive paste is applied to an ab-
sorhent pad on each electrode for im-
proved contact. The smaller (active)
electrode is placed over the motor point
of the dorsi-flexor muscle, and the larger
(reference) electrode is positioned over
the gastrocnemins (calf) portion of the
leg. These electrodes are held in place
by an elastic cuff. By means of snap fas-
teners. the electrodes are connected to
the stimnlator and heel switch. This
switch is enclosed in rubberized cork that
can be trimmed to fit into the patient’s
shoe.

Aside from climinating the need of a
leg brace. the muscle activator has two
important side-effects. It prevents atro-
phy of the muscle due to prolonged inac-
tivity and it “re-educates” the muscle so
that in some cases normal muscular con-
trol mav be restored after a certain pe-
riod of time.

Conclusion

Nearlv two centuries have elapsed
since Galvani’s experiments with “animal
electricity.” Medical uses of clectrical
stimulation, however, are only now en-
tering a phase of intensified research. In
the field of surgery, for example, doctors
have long hoped for the development of
an electrical anesthetic that will be safe.
quick-acting, and have little or no after-
effect. Recently, promising results have
heen ohtained with a 700-cps current
passed through the head. (Editor’s Note:
We are planning an article on electrical
anesthesia for a forthcoming issuc.) Al-
though future uses of electrical stimula-
tion are difficult to foresee, it seems cer-
tain that many startling, curative, and
life-prolonging techniques will come out
of current research programs. A

ELECTRONICS WORLD
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Electromagnetic Delay Lines
(Continued from page 49)

the coding unit. it is necessary to develop
a synchronizing key or code at the re-
ceiving end that will properly match the
coded transmission. Fig. 13 shows a de-
coding cirenit which utilizes a pulse-
width discriminator to pass pulses of a
predetermined width, and reject all nar-
rower pulses. The input pulse is differ-
entiated at the grid of V., forming a posi-
tive pip on the leading edge and a nega-
tive pip on the trailing cdge. The pips,
separated by a time lapse equal to the
duration of the pulse, are coupled to a
short-circuited delay line across the grid
of V.. The line is grounded on the other
end so that a negative reflection of the
positive pip appears at the grid. If the
reflection coincides with the negative pip
from the trailing edge of the input pulse,
a high amplitude negative pip results
from their summation. The output of V.
is coupled to a pulse-forming cireuit
which is heavily biased to climinate re-
action to all but the high-amplitude sig-
nal developed above.

As the field grows and requirements
become more stringent. additional types
of detay lines will be developed for new
applications. A

REDUCING IMPEDANCE OF
SURPLUS EARPHONES

By ART TRAUFFER
OR A NUMBER of years this pub-

lication has been carrying ads of-
fering surplus 600.0lhim headsets, and
numerous surplus dealers list them in
their eatalognes, When it is desired to use
ihese headsets in the ontputs of short-
wave or broadeast receivers, the 600-ohm
headsets don’t make too good a mateh
to the d-ohm, 6-0ohm, or 8-ohm second-
aries of the ontput transformers in the
receivers,
As shown

in Fig. 1A, these surplus

600-ohm  headsets consist of two 300-
ohim units comected in series to give

600 ohms. If you conneet the two 300-
ohm units in parallel, as shown in Fig,
IB, you will have a headset of 130 ohms
impedanee, which improves the mateh to
the output transformer in your receiver.

The author has rewired his headsets
using lightweight rubber or plastie Lanp
cord. Phone-cord tips or spade lugs were
soldered to the leads as needed. A

Fig. 1. (A) Original series wiring and
(B} modified parallel wiring. Observe
polarity when re-wiring the phones. Po-
larity is correct with maximum bass ouvtput,

300 3001 3000 3000
600N 1501
(A) (8)
February, 1963

'Ei'-F"L.IL radio books from E

“HOW-TO-BUIL

- the NEW @61h epimion)
Radio Handbook

= New amplifier designs
= New transmitter designs
= New receivers and transceivers

Gives extensive, simplified theory. Pi
struction data on a wide range of ad
attractively styvled. Broadest “How-
Completely revised and up to date. Ci
with hard covers.

$9.50°

D” DATA

‘'ovides the latest design and con-
vanced radio amateur equipment,
To-Build” coverage in the field.
early indexed. 805 pages, all text,

Book #16R
at your distributor

T ——
—=-7 CONVERT SURPLUS
=== RADIO GEAR

Z--\,  INTO AMATEUR &
W (. B. EQUIPMENT

. A weaith of conversion data
o in 3 volumes shows you how.

Data includes instructions, photos, and dia
grams covers the most commonly avaitable
surplus items. Each conversion shown yieids a
practical piece of equipment—proved by testing

Items covered are listed helow

SURPLUS RADIO CONVERSION MANUALS — 3 Volumes —
$3.00° ee.

YOLUME | — ARC.5; BC.221, 224, 312, 342, 348, 412
4537455, 4577459, 624/625, 645, 696, 9468, 1068A/
1161A; PE-103A; SCR-211. 268/271. 274N. 522, 542,
TBY: Electronic Surplus Index: Cross Index of A/N V.T
and Commercial Tubes Book 231S
VOLUME 11 — AIC; AM-26; APS-13; ARB (Schematic only)
ARC-S; ART.13; ATC. AVT-112A; BC-191, 357, 375, 454
455, 4577459, 9468, 1206 GO-9, LM_R.26-27/ARC.S;
R-28/ARC-5; SCR-274N; TA-12B/12C; TBW; T.23/ARC-.S;
Selenium-Rectifier Power Units; Simplified Coil-Winding
D: Surplus Beam Rotating Mechanisms Book =32C
VOLUME 1) — APN.1; ARC.5; ART.13; BC.191, 2312
342, 348, 375, 442, 453, 455, 456 to 459, 603, 624
696 1066 1253; CBY-52000 series. COL-43065 CRC-7
DM-34D; DY-8 or DY-2A/ARR.2; FT- 24lA; LM; MBF; MD
7/ARC-S: RM-52, $3; R-9/APN R-28/ARC-5; RT-19/
ARC-4" RY-159: SCR-274N series’ SCR.508 522 528
$38; T-15 to T-23/ARC-S; URC-4: WE-701-A Schematics
only: APA-10; APT-2; APT.S; ARR-2; ASB-5. BC-659.
l335A CPR-46AC) Book 33IM

THE SURPI.US HANDBOOK (Receivers and Transceivers) —
$3.00° e

YOLUME | — Schematic Di; and large
only — APN-1; APS-13, ARB; ARC- 4; ARC.S (L.F); ARC-S
{VHF) ARN-S; ARR- 2 ASB-7; BC-222. 312, 314. 342,
344 348 603 611 624 652 654 659 669 683
728, 745, 764, 779, 794, 923. 1000. 1004, 1066, 1206
1306, 1335; BC AR- 231 CRC 7; DAK.3; GF-11; Mark Il
MN.26; RAK.S; RAL.S

; $CR-522; Super Pro, TBY
utor Color Codes; Cross Index of
Book = SIM

2
A7/t ¥.7 and Commerciai Tubes.

RADIOTELEPHONE
LICENSE MANUAL

B §5.75°

Helps you prepare for all U.S.A. commercial
radiotelephone operator's license exams. Pro
vides complete study-guide questions and answers
in a stngle volume. Helps you understand every
subject needed to obtain an operator’s license

Book
#0301

Every Electronic Tube in the World Listed — 3 Volumes

WORLD'S RADIO TUBES
{Brans’ Radio Tubes Vade Mecum).
plete and authoritetive book of
v 1. charactenistics

WORLO'S EQUIVALENT TUBES
(Brans’ Equivalent Tubes Vade Mecum). Ovlr sG 00*
43,900 comparisons and replacements (;46W)

World's most com

Book =478 38.

WORLD'S TELEVISIDN TUBES

{Brans' Television Tubes Vade Mecum).
all TV picture and cathode ray tubes
also special purpose electronic tubes =45P)

Characteristics of

*Order from your favorite slectronic parts distributer.

If he cannot supply, send us his name and your
remuttance, and we will supply; foreign, add 10,

EDITORS and ENGINEERS, Lid.

T Summerlond 2 California

G Deslers-  Electronic distributors, order from wus

| Bookstores libraries, newsdealers order from Baker &
Taylor. Hiltside. N §  Export (exc Canada), order
from H M. Snyder Co., 440 Park Ave. So., N.Y. 16.
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FEATURES
ANO SPECIFICATIONS

24” wide. 10" hgr 9" deep 8" high sompliance w~oofer 3™ hardened
tweeter cone coar al aound 17 .0ice "0 ! sil cone treated edge alloas
for 337 cone displacement Alcomas til 11 S o2 magnet 10 000 gauss
flux density & ohm impedance, zero «1'v7nal magnet ¢ field 40 18 000
©ps up to 30 aatts power tapacity, 1350 cubic nch volume, Fibreglass
acoustic c2mpering, matched tor stereo

ORDER NOW !o nsure promdt Ce very' Ths remMashable speaner 1S
not ava at'e ~retal strces Do-ect 'a tory sales onlv . ard you save

a bungie Pr & G685 FOB ‘a-t.ry Shpping weight 1B pouncs,
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OUTPERFORMS SPEAKERS
COSTING FIVETIMES MORE
OR YOUR MONEY BACK!

the KENT $ 95
all new...all wood

only
Anglo American Acoustics Ltd. EW 63-2 1
129 Maryland Ave., Freeport, New York I

I Gentlemen: Enclosed 1s my check for S . I

| Please ship me_________*“Kent™ natural wood cabinet
speaker(s) at $19.95 each.

| { UNDERSTAND THAT THESE SPEAKER SYSTEMS ARE
GUARANTEED AND IF | AM NOT COMPLETELY SATISFIED

I | MAY RETURN FOR A FULL REFUND WITHIN TEN OAYS

I AFTER RECEIPT,

LV Y, ] 35555 E06006800 0500000060600 65066000 a0AA0AG I
ADDRESS .
CITY
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New Products
and Literature

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 15.

INDUSTRIAL TUBE TESTER
The Hickok Electrical Instrument Company
] is currently oftering o new industrial and
laboratory tihe tester as the Model 339C
Designed to test VR tubes, low-power thyra
trons. -digit industrial types, as well as compuc

trons, novars, nuvistors, and 10-pin tvpes, the
instrument is designed to test thes to handhook
specificitions with no elements pavalleled

I he tester has provision for separiate monitor
ing ol plate curremt, through panel terminals
tacilitating wmatching or balancing of tubes. Non-
standard tests can be performed using  panel
erminals to give access to grid, phlate. cathode,
and heater circuits,

TRANSMITTER-TYPE CAPACITORS
Sprague  Electric Co. has announced  the
2 availability. ol a new tape ol large mica
tansntitter-tvpe capaditor with the introduction
of its evlindrical-body cast designs
Lhe new line, Types 375M, 380M, 3850, and
MONM L are solid impregnant with the capacitor
ctement embedded inoa block of solid epoxy.
I'his technigue makes them leakproot, climinates
all air voids. and makes possible high insutation
vesistance. Q7 and voltage breakdown patam
erers,

ELECTRONIC PHONE SECRETARY
3 Phone King Company has introduced i new
tomatic push-button relephone answering
machine which is fully mransistorized and weighs
onlv 22 pounds,

t he new deviee is designed to be plugged into
any standard outler for instant nse with any tele
phone handset. L he unit answers the call witl a
personal greeting and simple instructions in the

100

owner's voice, records messages of any length in
precise detail, and plays them back at the touch
of the Intton. Special tapes record up to 202
honrs, \ rugged. andsome carving Gise perntits
sile and easy handling in the office, on tripsand
in the home,

FLUORINATED CAPACITORS
Cornell-Dubilier Elecironics Division has de

veloped a new line of dise ceramic capacitors
which are flrovinated 1o allow  high-reliability
operation up to 200 degrees € with no voltage
derating
1 he Ruorination process inaecases the mavi.
mum opaating  wemperatime ot the capaditon
I'he  dielectric, bavium  titimate. is satnmated
thoronghly with a fluovide and at high tempera
tures o solid-state reaction tikes place between
the dielecrric and is ervstal matrix. ‘1 he reaction
of the tluorination cleciricalls “hardens-in™ n-
tevial with respect to degradation. he units are
glass encapsulated ad. in addition, have silicone
tubber jackets

SENSITIVE PHOTOCONDUCTOR CELLS
5 Sylvania Electric Products Inc. has an-

nounced the availability of six high-sensi
tivity cadmium  sulphide photoconductor  cells
for use in industvial control, (urnace safety, and
lighting applications.

The new units are ol the T4 (Vinch diam
cter) size o olfer cell vesistance from 700
through 16,000 ohms. The cell design features
true hermetic sealed-in-glass construction and a
visual indicator that vesponds if the envelope be
comes damaged and moisture enters the compo

nent. Back filling of the envelope with hvdrogen
during manutacture  provides  high dissipation
and voltage safety {actors,

ENGINEERING DRAWING DUPLICATION
Copvymation, Inc. has intioduced a new paper
which copies engineering diawings simply
by exposnre o uttrasviolet Jight, Catled UV
Dri.” the paper necds no processing with liguid
chemicals, gases. or heat 10 develop a shinp
permanent image. according to the company,
The paper can be used in all existing diazo
michines ol major makes. 'The speciat coating on
the paper reacts to whraaioler light shining
through transpaient or translucent originals or
engincering drawings. Darvk lines on originals
show up white on the paper.

TV CAMERA KIT
] Craftsmen Instrument Labs. Inc. has intro.

duced a television camera in Kit form de-
signed especially for amateur 'F'V stations, remote
observation of hazardous operations, property
protection, industrial and educational wvses.
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ML o
chassis,

pats are pre-assembled on 1he
Included in the kit are cass-to-follow
step by step instructions, The basic kit does not
inchude the vidicon the and dens. which are
available as accessory tems

POCKET MEASURING DEVICE
8 Universal Writing Instruments Corporation
has recentdy introduced the “Perpetua.” a
pocket measining device that is mounted in the
barref of o pen or pencile Through a “window™

JEEET—— T

i .

on the barrel, the complete, accurate measnring
result, in inches and Vs inches, automaticatly
appears. In addition to meeting ordinars meias
uring requirements. the it can be ined 1o
measure objects of any shape o1 size o1 configura-
tion.

Fhe company plans 1o minket o ometric model
ol the unit in the near tunne

THERMAL WIRE STRIPPER
Sentry Electronics, Inc. is now mmketing a
new thermal wire stiipper which the co.
pary claims climinates the nicking of wire dur-
ing sripping opevations. Fhere e no shinp
cdges nicking the wire as this specialhv designed
heating element mehts the wire conering and an-
neials the inner copper wite, making it more

flexible and climinating wirve breakage
Ihe unit is available with vaiable 1emperas

Formvar, Navchiad. sinsl or other
1he length of the wite to be

tires lov ‘Feflon
plastic coverings,
stripped can abo be regulated dor production

siipping

TRANSISTORIZED TV CAMERAS
‘I General Electric Company is now in prodie-
tion on two compact transistorized television
cameras which have been desetoped for medium-
priced closed-circnit TV svstems
Vhe single-unit vidicon cameras, tvpes TE-T4

ELECTRONICS WORLD
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and TE-15, are available in ten different maodels,
They will meet a wide range of applicGitions in
commercial, industrial, defense, wmediceal,
educational use.

‘The dveuits are completely transistorized with
the exception of the vidicon pickup tube and a
single subminiature tube in the video input sec-
tion. Complete specifications are available from

the company,
]] JFD Electronics Corporation  has recently

introduced a series of new TV antemias
which offer high gain, sharp divectivity, and con-
sant impedartce acoss the complete inf, TV
and FM bands.

Based on the log-perindic principle deseloped
by scientists at the University of Hlinois and
adapted for TV by the manutacturer, the new
CLPVT antennas consist of an arvay of resonant
VT dipoles interconnected by transposed  phas-
ing hinnesses, constituting a series of “cells.” The
size of each cell difters from the one before it by
a logmithmic factor, Impedance is constant ir-
respedtive of frequency,

Hi-FI—AUDIO PRODUCTS

MULTIPLEX SIGNAL GENERATOR

Precision .»\pp:nr;llus Co., Inc. has announced
]2 the addition of a sterco multiplex signatl
generator to its line of test cquipment.

The AMaodel F-490 is designed for rapid align-
ment and complete testing of the multiplex cir-
cuitry in all FM sterco receivers and multiplex
adapters. Channel separation. channel bakance,
swnc pull-in and hold-in aange an casily be
measured and adjusted, The controls provide lor

LOG-PERIODIC ANTENNAS

generating the FCCaspecified FM omultiplex sig-
tal. A sell-contained 1-ke. audio oscitlator. or an
external audio generator, anay be switched to
generate: lelt only, right only, and sum or dif-
levence signakls, "The pilot signal can be switched
on or oll. independent of the composite maoduila-
tioa.

INTEGRATED TUNER/AMP

Rogen Cominunications Division has recently
] introduced the Model RP230, a 30-watt FM-

AM integrated stereo tunerfamplifier.
Frequeney response is 20-20,000 cps + 1 db
and FM sensitivity is .85 uv. for 20 db of quict-
ing. 'Lhe amit features the company’s Sterco-
Minder” indicator which lights when the station
is Droadcasting in FM stereo. clectroniceye tun-

1963

fFebruary,

The “heart” of the SONY MICRO-TV

To the expert, the heart of the 8 Ib. SONY
Micro-TV is a pair of snap-out circuit boards
on which practically all components are
mounted. Service is obviously far, far sim-
pler than with conventional sets. Not only
simpler, but less frequent, since the SONY
components operate at considerably less
than rated capacity, and transistors (Micro-
TV has 25) normally last indefinitely. Other
outstanding firsts include the use of epi-

taxial power transistors, a 70° picture tube
that is viewed from arm’s length, and exclu-
sive “Synchro-Noise Suppressor” circuit that
rejects electrical noise, and a choice three-
way operation: its own rechargeable battery
pack, 12v auto/boat system and AC. $229.95.
Rechargeable battery, accessories extra.

SOINY

RESEARCH MAKES THE DIFFERENCE

For more information on the SONY Micro-TV write to:
SONY CORPORATION OF AMERICA - 580 Fifth Avenue, New York 36, N.Y.

CIRCLE NO.

145 ON READER SERVICE PAGE

-- then you need vus! |
GET STARTED RIGHT by writing ]
for FREE 8 page catalog illus. |
trating over 30 business forms I
and systems designed specifi-
cally for TV-Radio Service. |
ON SALE AT YOUR PARTS JOBBER }
|
po |

BARGAIN

TV
HINTHE? < ERVICEMEN!

Write for SENSATIONAL CATALOG
HENSHAW RADIO SUPPLY

1519 TROOST KANSAS CITY, MO.
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BC-221 FREQUENCY METER
C'LIKE NEW'' with Originai ¢ |l|l-r'll|nn

Hook and CRY \TAL checked out Omly
BC-221 same as abov!

$69.50

WITH MODULATION checked out ONLY 89 50
BC-455 —6.9.1 Mc Receiver ........... 995
AN/APN-9 LORAN Receiver: lndlcator with

23 Ve Inverter. Checked out. EXe 124.95
AN/APN-4B LORAN RQCelver.lndlcawr wllh 89 50

21 VDO Qnverter. ¢ hecked out, . .
AN/APR-4 . 38-2200 mMC Rece-vw with’ 359 50

4 Tuning Unus Excellent....,.......... 8
MAGNESYN COMPASS SYSTEM COMPLETE.

Remote reading for plane or hoat. Excellent 24 95
candition, With Madual. ........ oonevus -
ARC:3 Transmitter 100-158 McAM. .. .... 1495
ARR.2 Receiver—11 Tubes. \\llh CB Conver- 6 95

~ion

Send Money Order or Check with Order
Write for Latest Flyer—LOADS OF BARGAINS!

R W ELECTRONICS

2330 S. Michigan Avenue . Dept. EW
Phone: CAlumet 5-1281 Chicago 16. 111,
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YOU
SAVE
MONEY!

RUSH US YOUR
LIST OF HI-FI
COMPONENTS
FOR A SPECIAL
QUOTATION

WRITE FOR FREE
AUDIO DISCOUNT
CATALOG A-15

New low prices on amplifiers, tun-

ers, tape recorders, speakers, etc.

KEY

e A T e
CIRCLE NO. 124 ON READER SERVICE PAGE

ELECTRONIC
120 LIBERTY §
NEW YORK 6

S CO.
TREET
N.Y.

Fill in coupon for a FREE One Year Sub
scripunn o OLSON ELECTRONICS Fan
tastic Bargain Packed Cacilog U nhcard
of LOW, LOW, DISCOUNT PRICES on
Brand Nume Speakers. Changers, Tubes,
Fools, Hi.Fi's. Sterco Amps, Tuners and
thousands of other Electronic  Bargains,
Credit plan available,

NAME
ADDRESS
CITY ZONE STATE

If you have a friend interested in clectronics
send his name and address for a FREE sub
scription also.

OLSON ELECTRONICS, INC.

CIRCLE NO. 134 ON READER SERVICE PAGE
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| ing. special tape recorder filter which eliminates

beeps and whistles when recording off the air
and a brushed-gold panel. A walnut or wmetal
enclosure is available at extra cost,

i

STEREO TAPE RECORDER
Roberts Electronics, Ind. has added the

Modcel 10537 sterco tape recorder to its line

of new units for 1963,
Fhe new instrument offers fown-track stereo
and mono  play, sonnd-on-sound  recording in

stereo, sound-with-somnd, and sound-oversonnd
microphone. nd radio-phono mixing

Other features inchude dnal extended range
stereo speakers, dual self-contained sterco power
wplifiers, two casv-to-read v meters for cach
channel, separate record buttons for cach chan-
nel with record safety lock, preamp outputs
touy sterco outputs, three-position speaker
switch, automatic shut-off. edit lever, index
counter, and automatic tape litters. Tape speeds
are 3.75 and 7.5 ips. A 13-ips accessory kit s
available at no extra cost.

AUDIO AMPLIFIER MODULE
‘I Saxton Products Co. is handling the U8, dis-

tribution ol the “Mitv-Amp.”" a palm-sized
2 watt amplificr tor a varicty of audio applica
tions
Frequenday resporse s 20-15.0000 (ps 2 b
at the 1 watt fevel, Input voltage reguived to
diive o Il power is 3 volt while the input
impedance is 4% ohms 1o 50,000 ohims. Output
impedances of 3.2 to 4% ohms can be handled
Power requirements are 6 to 12 volis at 300 to

700 ma. Corrent is determined by the impedance
of the voice coit

Ihe completelv encapsutated unit measures

| 27 x 312" x ¥8” and weighs 6 ounces.
| The MobilSound Corporation is now mar.
|] keting a mobite 1V audio monitor which
permits the audio portion of all «.hf. 1\ pro-
grams to be received on the AN car radio.

Designed primarily for television station per-
| sonel, advertising agency men, and those in the
entertainment  business. this anit cm also be
used bv laymen who hate to miss favorite TV
programs just becanse they ave away from their
seis.

The “AudioManitor™ is transistorized. com-
pact, and ecasv to install. Bt is designed to be used
with 12-volt negative-ground  automotive  svst-

MOBILE TV AUDIO PIiCKUP

www americanradiohistorv com

tems bnt can be used with other 12-volt svstems
by making a minor modification. Currvent drain

is Lot amps at 12,6 volts. Bt measures 67 x 47 x 77,

INTEGRATED STEREO TUNER/AMP
‘I Renwood Electronics is handling the distri

bution of a new integrated sterco tunerf
amplifier which is rated at 20 waus per channel
at less than 17 hmonic distortion.

Fhe Model KW-10 will handle AM, FM

and

FM multiplex  program  material and  rvequires
only the addition of a pair of speakers to func
tion. T he control center has inputs for a low-
level magnetic stereo phono cartridge( as well as
for high-lesel ceramic o1 crvstal stereo cartridge)
and provides RIAA phono equatization.

BUDGET-PRICED SPEAKER
‘I Electro-Voice, Ine. has added a new budget-

priced loudspeaker to its line of components
as the MCS,

Ihe first model in the firm’s new “Michigan™
line, the speaker featives extrasslin stvling, rug-
ged die-cast frame. and  edgewise-wound  voice
coil that provides 1837 more efficiency than ordi
nary coils. Frequenes response is 50-13.000 cps
and the speaker will handle 12 watts progrion

and 24 watts peuk.
North American Philips Company, Inc. is
now offering its “Continental 401" a four
track stereo record and plavback tape vecorder,
completely transistorized, and featining a new

TRANSISTORIZED TAPE RECORDER

forrth speed of 15716 inch per second for up to
32 hours of recording on a standind 77 reel

1 he circuit incorpotates four ACI07 transistors
in its preamplifiers. \ spedial magnetic head
with a gap of onty 0.0001 inch is said o be re-
sponsible for the extended  high-frequeney re
sponse of the it even at lower speeds. Fre
(UCNLY  Tesponse 3 db ist 60-16.000 cps at
7 ips: 60-11.000 cps at 334 ips: 60-10.000 ¢ps at
178 ips: and 60-4500 cps at 15/16 ips.

TRANSISTORIZED STEREO AMP
2 Allied Radio Corp. is now oflering new

casv-to-assemble, 32-watt transistorized sterco
amplifier as its "Knight-Kit” KG-320
Weighing only 7 pounds, the new amplifier

I'he unit

uses 14 transistors and 4 diodes. has
direct-coupled output with no output trans-
formers or blocking capacitors. A special feature
is the thermal feedback circuit which protects the

ELECTRONICS WORLD
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IF YOU LIKE
DO-IT-YOURSELF
PROJECTS—

here’s a publication
that’s full of them!

11253 ELECTRONIC
EXPERIMENTER’S

HANDBOOK

In the 1963 edition, you can choose
from dozens of projects like these:

Code Practice Oscillator
Two-watt Stereo System
Sound-Actuated Switch
Neon Bulb Electroscope
Transistor Tester Tests All
Automatic Diode Checker

The 1963 ELECTRONIC EXPERI-
MENTER’'S HANDBOOK is complete
with detailed charts, circuit dia-
grams and photos. And there's a
special 14-page feature on electron-
ics schools covering everything from
training to career possibilities.

Now on sale at your favorite news-
stand or electronic parts store — or
order below with the handy coupon.
Only $1.00.

EwW 23}

Retail Sales Division
Ziff-Davis Publishing Co.
Dept. SD

One Park Avenue

New York 16, New York

Please send me a copyof the 1963
ELECTRONIC EXPERIMENTER'S
HANDBOOK. I enclose $1.00, the
cost of the HANDBOOK, plus 10¢
to cover mailing and handling
charges.

NAME
ADDRESS
CITY
ZONE STATE

(add 3% sales tax if N.Y.C. resident)

L e el L Ty Y pp—

February, 1963

output transistors from overload, acts as a fuse
device for speakers, and helps 1o maintain circuit
stability.

The amplifier has five paits of stereo inputs
inchiding tape head; separate ganged bass and
treble controls: printed-circuit construction; tape
recorder outputs: two switched a.c. outlets: and
sterco-mono switch,

WATERPROOF SPEAKERS
2 Racon Loudspeakers, Inc. has recently intro-

duced two new loudspeaker models, the R1.-
107 and RO-25T. Exchisive features include a
built-in line-matching transformer, molded Bake-
lite waterproof shiclded terminal block in which

the transformer leads terminate, and immediate
external choice of all impedince and power taps.
The wransformers used with these odels are
designed for the newer 23-volt tines as well as
for the more usual 70-volt and constant-imped-
ance lines. Detailed specifications are available
on l'(‘(llll‘sl.

24-WATT STEREO AMP
2 Lafayette Radio Electronics Corporation is

currently introducing its Model 1.A-224WX
21watt stevco amplifier, a moderately priced unit.
The new amplifier features a full range of
controb tacilitics, power outpnt of 12 watts per
channel, frequency response of 20-100,000 cps

#+ 1 db at 1 wau: harmonic distortion of less
than 1% at 12 watts: and hum and noise —56
db on magnetic phono and —73 db on tuner.

‘T he rear panel has @ speaker impedance switch
(8 or 16 ohms), hum adjust, and a.c. convenience
outlet. ‘The unit measures 12787 x HW” x 8L&”
and is housed in a low silhouette cabinet.

CB-HAM-COMMUNICATIONS

ANTENNA FOR MOBILE CB
2 The Antenna Specialists Co. is now on the

market with a new (B anmtenna which s
being offered in cowl, deck, fender-mount,
trunk-mount versions.

The “Black Beauty” antenna features solid
black Fiberglas sleeving which is specially proc-
essed to climinate brittleness and cracking. ‘1 he
process also eliminates mottling and graving even
after long service. The unit is center-loaded and
is only 487 high. Mounting for the unit is sup-
plied in contrasting chrome amd black,

and

TRANSISTORIZED TWO-WAY RADIO
A Mobite Communication Products has

2 RCA

recently introduced the “Super-Carfone,” a
two-way unit whiclt is being offered in 30- and
G0-watt versions,

(Continued on page 108)
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New AEC 77

TRANSISTORIZED
ELECTRONIC IGNITION

Increases power up to 10% . . . assures
fast starts at low end . . . full power at
high rpm . . . up to 20% more mpg ...
prevents fouled plugs ... increases spark
plug life 3 to 5 times over normal .. . in-
sures 75,000 mile point life . . . gives in-
stant starting in sub-zero weather . . .
eliminates frequent tune-ups . . . simple
20 minute installation by anyone ... cures
ignition problems ... MOBILE RADIO I1G-
NITION INTERFERENCE REDUCED 50%.

In conventional ignition systems, high volt-
age at the spark plugs, falls off over 509 as
engine speeds increase. The result is a weak
spark causing incomplete combustion, loss
of power, fouled plugs and poor gas mile-
age. The rugged AEC 77 electronic ignition
increases and maintains maximum high
voltage output at the spark plugs with no
high voltage fall off at any speed. Its hot
spark guarantees more efficient combustion,
delivers full engine power at over 7,500
rpm with up to 209 more mpg.

WORLD CHAMPION
RACING DRIVER PHIL
HILL USES AEC 77...
REPORTS—

“AEC 77's strong spark
can make up for a multi- b
tude of little sins, such as
worn points or improperly |
gapped spark plugs. It wi l
make your car ru
smoother, particularly at the low end and
will a;)precxably improve its performance
and economy.”

Every AEC unit uses high quality compo-
nents such as Delco high voltage 15 ampere
transistors and Motorola 50 watt zener di-
odes . .. while others use two low voltage
transistors in series with two 1 watt zener
diodes. Every AEC Ignition coil is wound
with Formwar insulated wire, oil impreg-
nated and hermetically sealed for maximum
insulation and cooling ... while others use
cnamel insulation in a tar filled coil that
cannot handle the power AEC 77 delivers.

Proven in over 2,000,000 miles of testing,
AEC 77 is so dependable in performance de-
sign and engineering, that every unit is reg-
%?;Ee}{%js and GUARANTEED FOR 3 FULL

COMPLETE DO IT YOURSELF KIT!

AEC K4...... Negative ground only....... $32.95

NEED COILS ONLY & BALLAST RESISTORS7

400:1 Coil....... (1.3mh. primary)....... .95

Batlast resistor .5 ohm 75 watt...........
FACTORY WIRED UNITS, COMPLETE

AEC 77 with 400:1 coil, 6/12v........... $39.95

AEC 77 P (British cars nnlv), 6/12v........ $59.95

ORDER NOW

Please add 75¢ for postage and handlmg
57 deposit on COD

AEC ELECTRONICS, 387 Park Ave. S, N.Y.

Industrial and Commercial inquiries invited
| AUTOMOTIVE ELECTRONICS CO
|387 Park Ave. So., N.Y. 16, N.Y.
| Please Send Me

|
| NAME
| ADDRESS _

| [j Free Brochure on AEC units EwW 2 b
clRCLE NO. 103 ON READER SERVICE PAGE
103
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you can have
career like

this In

space age

electronics

Take the first step today—send
for free book that shows you how
CREI can help you take advantage
of today’s opportunities.

JUST A FEW YEARS AGO Robert N. Welch had a
routine job in electronics. He realized that progress was
impossible without practical and up-to-date knowledge
of advanced electronic engineering technology. Deter-
mined to prepare himself to meet industry requirements
for career opportunities, he enrolled in a CREI Home
Study Program. Today he is a Philco Corp. engineer
with a responsible assignment in space age electronics
at Vandenberg Air Force Base, launching site for inter-
continental ballistic missiles.

YOU HAVE THE SAME OPPORTUNITY. CREI offers
you, for study at home, a complete program in electronic
engineering technology designed to equip you with the
practical knowledge of electronic developments required

SUPERVISING A FREQUENCY MEASUREMENT in the Frecision
Measurement Equipment Laboratorv at Vandenberg Awr Force
Base is CREI grad Robert N. Welch. He is a Philco TechRep
Engincer and a Section Leader in the Laboratory.

for well-paying positions and put you on the level of
specialization where men are most in demand.

YOU WILL FOLLOW THE FOOTSTEPS of the thou-
sands of CREI men who hold positions as associate
engineers, engineering aides, field engineers, project
engineers and technical representatives. They work in
every area of electronics from manufacturing to research
in the aero-space program.

YOU CHOOSE FROM PROGRAMS covering every im-
portant field of electronics:

SERVOMECHANISMS ¢ INSTRUMENTATION  RADAR o
COMPUTERS ¢ AERONAUTICAL AND NAVIGATIONAL e
COMMUNICATIONS ¢ AERO-SPACE ¢ TELEVISION ¢
AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY o
NUCLEAR ENGINEERING TECHNOLOGY

www americanradiohistorv com
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MR. WELCH PARTICIPATES in a technical discussion with Charles
R. Browning, Contract Manager, and Burl W. Bowman, Elec-
trical Calibration and Repair Supervisor, in the Laboratory
which Philco Corp. operates under contract to the Air Force.

MR. WELCH HAS EMJOYED promotions from Technician to
Junior Engineer to Engineer since he enrolled in a CREI Pro-
gram. Here he is greeted by his family as he returns to his pleasant
home in Santa Maria, California at the end of the day.

YOU ARE GUIDED and assisted with personal attention
from CREI’s staff of experienced instructors. You
study courses to which a number of leading engineers
and scientists have made substantial contributions.

CREI EDUCATION IS RECOGNIZED by such large
corporations as Pan American Airways, Federal Electric
Corp., The Martin Co., Canadian Broadcasting Co.
and Mackay Radio. They pay all or part of CREI
tuition for their employees.

CREI HAS 35 YEARS OF EXPERIENCE in advanced
technical education through home study. CREI has
developed electronics courses for the Army Signal
Corps, special radio technician courses for the Navy and
group training programs for leading aviation and
electronics companies. CREI also maintains a Residence

CALIBRATION OF PRECISION MEASURING EQUIPMENT used in
the missile program is performed in Mr. Welch’s section of the
Laboratory. He is shown making an adjustment on the oscillator
which is used as a frequency standard in this important task.

HIS FAMILY SHARES IN THE REWARDS Mr. Weich has gained
with the help of a CREI Home Study Program in Electronic
Engineering Technology. He is shown reviewing the day's events
with his wife JoAnn, and his children, Jeff and Lynn.

School in Washington, D. C. and invites inquiries
from high school graduates.

YOU CAN QUALIFY for a CREI Correspondence Pro-
gram, if you have basic knowledge of radio or electronics
and are a high school graduate or the equivalent.
If you meet these qualifications, send for the FREE
1963 edition of our 58-page book describing CREI
Programs and career opportunities in electronics. Use
coupon provided, or write to:

TY-&
\¢ ,Q m m E ﬂ
< A FOUNDED 1927
8

:énn 1 - THE CAPITOL RADIO ENGINEERING INSTITUTE

¢ Department 1102-A, 3224 Sixteenth St., N.W.

7’/‘/ TOUNDED 1977 | = .
veR® Washington 10, D. C.

#30
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HIGH COMPLIANCE
WOOFERS

§ K3 2

Cinaudagraph 6, 8, 10, and twelve
inch high compliance woofers are de-
signed for extended bass “low effi
ciency” applications. Long voice- coll
winding “Cinaudaflex” single roll
ultra-compliant suspension, and
treated graded-density cones. Bal
anced response between bass, and
mid-range assures perfect match to
electrostatic or top quality direct-
radiator tweeters.

The middle-range output and bass
damping of these woofers is precisely
matched to provide extended low
distortion bass in compact enclosures

at significant price savings. Write
tor complete data sheets, for Cinau-
dagraph woofers, tweeters, and com
patible cross-over networks

CINAUDAGRAPH ACOUSTICAL
A DIVISION OF
CINAUDAGRAPH,

7334 W, CLARK 5T

LABS

INC.
CHICAGD 26, ILLINDIS

_CIRCLE NO. 156 ON READER SERVICE CARD

ELECTRONIC ORGAN KITS

for home, school, church, clubs.

The Original “Build-it-Yoursel) it
sounds Iike a gloridhs plptt {;112:?

SAVE

up to

70/ a—

IRILd

Wri
JARTISAN ORGANS 2476.L  N.Lake Ave. Altadena,Calil |
| I
I 1
|

. [
USE YOUR CAR RADIO .tEHlAL FOR C.B.100!

ighil

vy E Whips Not Needed!
IXER GIV

SAME OR BETTER RANE
5 BAND RADIO znil works

il r«zul.lr car radlo at name time without
toss or interference! INSTALLS IN 5 MIN
UTE Includes  clamp.on  base loading
HI-Q coll, efliclent shiel el
tiplexing  circuit with cables |lln

Just plug by amd tatk. NET USERS PRICE
849 95 impal ete yipsgislil—ORDER IHRIIT
seE your (Mxlrlhuu)r or write for rigfula

CANRANTFED PERFORM

WESTERN RADIO  Dept. CEW-2 K ARNEY, NEBR.
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| (Continued from page 103)

1 he new model utilizes all-transistor receiver
and power supply cirauits plas nuanimun tran.
sistonization in the transmitter. One especially
comyenient leatare is transmission”™
which enables the nser immediate com

Cinstant
to e

I he transmitter is normally off but

switches  to tull-power  transimit
without delay when the microphone is removed
from its hang-up clip.

I he nnit is housed in a compact.
stvled case that permits installation in o wide
1ange ol aehicle tocations and modnlar design
which provides casy access to dirauits amd com-

ponents for inspection and senviding.
25 Allicd Radio Covporation has inttoduced
low-cost. low
unit lor o variety of shortaange communications
applications
1 he “Knight-RKit™ C-100 is powered by stand-
ard 9-volt miniature battery and teatores a
tagged 3qransistor circait. T he nansceiver, which
has a built-in 27 speaker, is about twice the size
of a pack of digarettes and weighs only 9 onnces,
te s housed in a high-impact blne plastic case.

munication
automatically

hinctionally

HAND-HELD RADIO

power alb-rransistor two-way

| Range is about a quarter of a mile. No tcense is
requrired

HELICAL ANTENNA
Technical Appliance Corp. is now
2 a six-tunn helical antenna designed for ele-
mety applications in the brequeney vange lrom
108 to 136 mc
1 his antenna. which will abso provide coverage
tfrom 90 to 30 me oub aluminaem shale
which alhnes to a t-foot diameter ground plane
by mcans of a lange.  Fhe vadiating hefiv s
{supported from the shalt by Fiberglas insulators
and terminates i a diclectiic housing monnted
to the shaft. Connection is with an RG-7/U wable
10 a panel receptacle focated on the ground plne.
27 » o new mobile CB oansceiver, the Maodel
‘.’.. Fhe unit featnnes 28-channel operation
|l\ means of a channelselector switeh, 1 he tuane

meastres 87257207 and Gin be asaeld in
Doats, and othev vehicles.

@

| .
ollcring

has a 47

MOBILE TRANSCEIVER

Browning Laboratories. Inc. is now minket.

eives
Girs

www.americanradiohistorv.com

the Model M 5L nelude a
meter with wininated  dial
rear-deck speaker kit and a.co powar supply for
hase-station applications

fon
tansistorized S

Nccessoties

TUBE FOR MOBILE GEAR
2 RCA Election Tube Division has
a new beam power wabe with “d

woduced
heater™

tor mobile communications and antatan vadio
transinitting applications.
Desigrated  the RCA-ROS20 the mbe may be

wsed as an ol power amplitiar and osaillator as
well as am ol power amplilier and wmodnliio in
both mobile and lined cquipment. 1t
13.09-v0lt hieater that G be operated on . o
due.

I he new tube provides 70 wiaits cwe ontpint
(FCAS) at 60 me. and 35 watts ¢wontput (1CAS)

at 175 mc.
Utica Commaunications Corp. is now nunket-
ing a new CB onasceiver, the B X € HL
which leatuves t-channel avstal-contollad taans.
mit and receive, plus manal nming of all CB

contams

CB TRANSCEIVER

Y :!, e

chiannels. T he tamsmitting avstal socket is con-
venicnthy located on the front panel
I e dual-conversion superhiet has o high gain

stage for maximum sensitivity providing cqural

response ont all 22 channels. e univer al powaes
supply povides 6 volts d.c.. 12 volis duc, and
110 volts e for fast transler lrvom Gy ot boat

to liome or ollice. T he unit teatures a calibrated
weter with ontput power modithition indi.
cator and anxiliars speaker tevminal. Fhe vans

ceiver is supplicd with onc set ol Qystah,
Globe-GC Eledtronics Company has recently
3[] introduced the “Globe Master”” an all-new
deluxe CBotransceiver unit
1 he new model was designed
requitements of the prospective commaercial wser
as well as the npver of CB for nintine. home,
and personal use. | here ave eleven civstal-con-
wrolled channels for transmitting. nsing finda-

mental tipe anstals, The veceiving end featres
a dual-conyersion superhet with a choice of clesen

CB TRANSCEIVER

to meet tigid CB

Gastabcontrobied channels or tnnable over all 22
chanaels,

full wechnical specifications e avaitable hrom

the

Communications Company. Inc. has added
3] anew ot AN twoswan wmobile vadio o s
line ol commnmications equipment.

1 he Maodel 700 is designed fov militus ainport
vebicles vequiving veice communictions with
control towers and planes in the vidinin ol the
aiport. It is designed lor single hequenas avstal
operation in the military tmge ol
295 10 100 mc. T he mobile nuit oy anpomt
hicles can be used interchangeablhv on vehides
having 6. 12, or 24 volt battery sssten

I he it consists ol transmitier freceiser fpower
supply chassis and - case. 1emote control head.

nttnlactorer.

U.H.F. MOBILE RADIO

controlled

ELECTRONICS WORLD
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speaker assembly, military-type microphone, an-
tennie plus il necessary hardware and cabling
for vehidle installation,

CB UNIT FOR MARINE USE
Raytheon Company is now oftering a 10-
3 channel CB unit, the “Raveom 11" which
has been especially designed Lo manine use.
1 he direuit teatures antomatic vohume control,
asqueleh civenit, and panel lights to signal when

power is on and when the trananitier i opetat-
ing. "L he new CH unit is designed 1o opetite lrom
cither 12 volts doe. or 1) volts ac.

It is compact and comes conmplete with bracket
for butkhead mounting,

SIX-CHANNEL CB UNIT
3 Dewald Radio has added the NMaodel R 1050

to it dine of equipment for CB service.
Fhe new transceiver emplovs 2 mivistor fiong

end tor low noise. T also Teatures 2 push-to-talk
cevitmic micophone, adjustable squeleh, and (ull
noise limiter. Phe nnic comes complete with ce-
ramic mictophone. | ransminting and 1 ecein-
ing ovaal asy well as g mivensalayvpe mobile
mounting bracket.

MANUFACTURERS' LITERATURE

INDUSTRIAL COMPONENTS
Newark Electronics Corporation lin issned
34 A atpage catalogue covering an extensive
line of electrome components tor the indnsnial
nEwhet.

A complete product indes plos o separate
Hsting of manutactiners whose products ae
handled by the distributor make the catalogie
especiallv nsetul. One innovation which will un-
doubtediv pronve popular is the printing of stock
numbers and prices of the varions items in bold
face type. Lhis is helptul when checking tabne.
Lated listings with vinions model wmmbers.

“SOLID CIRCUIT NETWORKS
3 Texas Instrnments Incorporated has jnst

published an 8. * brochure which explains

itv new UNMaster Slice™ design approach to the

production of cconomical. antomized semicon-
ductor networ ks,

Fhe Didleting gives product featnes, design

R

procedures. network flexibility, and typical vini-
ations possible with “Master Slice.”
ADJUSTABLE SPEED CONTROLS
36 VeeTrol Engineering, Inc. is ollering copices
of ‘Technical Paper VIP-2 entitled “Versa-
tile Adjustable Speed SCR Shunt Motor Drives™
writtenr by its engineering stafl,

Some ten civcuits lor motor contiol, together
with complete technical information an how (0
utilize them, both for adjusable speed control
and for progrmmmed speed  contvol are wiven,
ining Sprague-VeeTrol gate-driven silicon con-
trolled rectifiers.

STOCK POWER RESISTORS
37 Ward Leonard Elecirie Co. has published an

S-page. 2-olor catalogue deseribing its con-
plete hime of stock “Vitrohin™ vitreous enamel
witewonnd  poweravpe resistois for eledronic
and industrial applications.

Catalogie DISO disis the dtem, price. and di-
mensions on cight tvpes ol power resistors
including axial lead. fined, adjostable suip. diseg,
plague. nonsinduetive. and intermittent dury,
Monnting hardware data is alo inclinded.,

TEST EQUIPMENT CATALOGUE
3 The Triptett Electrical Instruntent Co., has

published o concise X-page catalogne which
Hists 25 mnjor items of 1est cquipment and thei
assodiated aceessories. Inchuled arve vioom.s.
vitun's, tithe and transistor analvzers,
nuny other instroments for the prolessional elec-
tionics nu,
Photogiaphs and complere detailed specifica-
tions accompany cach major item listed.

DATA ON TEST EQUIPMENT
3 Predision Apparatus Co., Int. has isued 2

20-page booklet which provides complete de-
tails on o full line of test cquipment.

hie addition to spedifications and prices, there

e photographs and special featire listings on

The next microphone you buy
should be a Turner...

. . . partly because Turner microphones work better and last longer.
. . . partly because they are specially designed for convenience in specific jobs.
. . . but mainly because you get more microphone for your money in a Turner.

TURNER

404 # FOR

STUDIO
i QUALITY

T —

- -'f"‘»
Typical of Turner microphone
value is this studio quality dynamic
microphone, priced for home re-
cording budgets. You'll find the 404
delivers noticeably improved sound
reproduction in either voice or mu-
sic recording. Response: 50-13.000
cps; Output —60 db, combination
mmpedance. line shorting., recessed
switch.  For complete technical
specifications, mail coupon or use
reader service card. We'll send vou
the Turner value storv on these
three microphones as fast as the
mail will carry it

February, 1963

1
TURNER 350C /-

~

v

I
.’/

FORCB
AND MOBILE !

CB’ers and hams have remarked
about this remarkable mobile mi-
crophone. “Why pay more when
the 350C is available?”’ No wonder
the 350C is the most popular mi-
crophone in CB . . | used as orig-
inal equipment with more trans-
ceivers than any other microphone.
Response: 80-7000 ¢ps: Output —54
db. List price $16.80. Mail coupon
for complete specs.

TURNER 80 \
N,

FOR HAND, e

STAND OR DESK

~
Beauty in design plus operational
dependability made the slender,
graceful Turner 80 one of the most
popular, low cost microphones on
the market for general purpose use.
Weighs only 5 ounces. Only 41,”
in length. Response: 80-7000 cps;
Output —54 db. List price $15.95
(less stand). Mail coupon for com-
plete specifications, or ask for the
Turner 80 at your nearest elec-
tronics parts distributor's counter.

'
.

o SRS S St e e e R e e e e B e ey e el

| S MAIL THIS COUPON TODAY FOR FREE LITERATURE 1
I |
i THE MICROPHONE COMPANY Nam. |
1 900 171h Street N.E i
1 Cedar Rapids, lowa 1
i IN CANADA: Tri-Tel Associates Wi 1
i 81 Sheppard Ave., West, Willowdale. Ont 1
| EXPORT: Ad Auriema, Inc X |
i 85 Broad Street, New York 4. N. Y Citv S __Starg i

t..._.___———-_.—.-.__._._._._...........__.._.._.._.__“__.._...J e ——— |

CIRCLE NO. 148 ON READER SERVICE PAGE
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NEW! AVO |
MULTIMINOR

® Pocket-sized
® Rugged

e Environmental

only

'29”

Supplied in an attractive black carrying case,
complete with a pair of leads with interchange-
able clips and prods.

[OC CURRENT | OC VOLTSAC VOLTS| RESISTANCE

[0-100 uA o025 |01 020K} | |

01 mA 0-10 025 [o2mMa 1| |

10-10 mA 0-25 0-100 i

0-100 mA | 0-100 | 0-250 | ]

0-1 A 0-250 | 0-1000 | 1
0-1000 | ]

Accuracy: 0C-2.25%, AC-2.75%
Sensitivity: 10,0002 /v

These instruments are considerably more ac-
curate than the guaranteed sales claim. If de-
sired, a calibration certificate showing actual
performance produced on test equipment whose
accuracy is traceable to the National Bureau of
Standards, can be provided at an extra charge
of $5.00. The Avo Muttiminor is available only
from Avnet. Fully Guaranteed

Send check or Money Order. |

AVNET INSTRUME

EAST: 81 C 1

Plainwiew. L
WEST: 5877 R

CIRCLE NO. 102 ON READER S_ERVICE ?AGE

NO FREE premiums
NO PRIVATE labels

NO ineffective liquids
or carbon tet

| ALL YOU GET IS
' GENUINE

QUALITY '
e formulas developed by chemists I

® 14 years of recognized leadership

BEWARE OF
CHEAP
IMITATIONS
INSIST ON
NO-NOISE

* VOLUME CONTROL and Contact Restorer
* TUNER-TONIC for all tuners including wafer type
* FORMULA EC-44 for all electrical contocts

PLUS, FREE with all No-Noise products, 5” plastic
extender push-button assembly for pin-point appli-
cotions. Does not cause shorts|

ELECTRONIC CHEMICAL COR

M

813 Communipow Ave k
CIRCLE NO. 110 ON READER SERVICE PAGE
110

Jersey Cay 4

| ary types. power

v.oan’s: v.ev.mcss tube, transistor. and crvstal
diode testers: signal, sweep. andio. and nlor
generators: R/C decades; oscilloscopes: capacitor
testers; power supplies: and signal tracers.

Hi-FI SPEAKERS

4 Jensen Manufacturing Company has just e

leased a 24-page catalogue on “High Fidelity
Loudspeakers Loy Steveo and  Mono Listening.”
In addition to providing complete teehnical
and stvling details on the firm’s entire line of
speakers and headphone equipment. the publi
cation Gnries a disenssion on UslimtT apeakers
versus norinal hookshelf size and comments on

headphone listening lor swereo,

Quam-Nichols Company has listed 10 dif-
4] fevent tvpes of speakers in its new 8-page
product catalogue,

Replacement speakers for evers purse and pur-
pose e listed. along with spedal tpes for par-
ticular audio applications, \uodio transformers
for use with the company's speakers are alwo
listed in this publication,

COMPLETE SPEAKER LINE

HARD-TO-GET TUBES
Unity Electronics, Ine. has issued a 12-page
4 booklet which lists an extensive line of hard-
to-get tubes which this distributor is able 1o
supply trom stock as well as stndard communi-
cations, entertainment. and induostrial tubes.
‘The tubes are listed numerically with prices
inmuediately adjacent. ‘The booklet is punched
for storing in a4 standard rving binder,

83

Five data bulletins are included
sheets contain complete electrical and dimen-
sional datia, applications, and descriptions of the
firm's new “Cold Mold™ predision metal and
carbon film  resistors; the hevmetically sealed.
silicone-oil-filled precision carbon film units: and
precision wirewound and microminiature wire
wounds. Charts, graphs, and wbles are incuded
on each sheet,

RESISTOR LINE
Kev Resistor Corporation will supply copices

of its new resistor catalague upon vequest.
these two-color

TUBE INTERCHANGEABILITY
4 Sylvania Electric Products Inc. has published

a new television pictore tube interchange-
ability chart, including 34 of the firm's “uni
versal™ varieties which replace o total of 217
tvpes.

The guide comtains the 1vpe mumber ol the
tube to be replaced. the number of the Svivimia
tube that replaces it and a kev to the inlorme-
tion needed to effect the veplacement. The guide
can be used as a counter or wall chart or may
be folded into pocket size.

STEREO/HI-FI COMPONENTS
4 Grommes has issued a 6-page folder which

pictures and describes its “Custom Servies”
of stereo amplifiers. multiplex stereo tmers, and
sterea receivers: its CE-Line Series™ of tuners and
amplifiers for stareo: plus mono miner anplifiers
and amplifier. plus o muliiples: stereo adapter.
Performance  specifications are  listed  concisely

and in casy to use form.
Howard W. Sams & Co., Inc. has isued a
40-page catalogue coverving approvimately
200 cwrrently asvailable books on clectronies, TV,
vadia, audio. hi-fi. computers. electricity, and
related modern technologices,
In addition to providing a brief description
of the contents of cach book, the catalogue car-
ries a two-page subject index listing titles by

TECHNICAL BOOKLIST

categories,

SEMICONDUCTOR LISTING
Bendiv Semicondnctor Division has issied a
4 four-page guide to its complete line of semi-
conductors, In concise tabukw (orm. the publica-
tion lists pmameters and other pertinent spedi
fications on diflused alloy power tmsisiors miti

vinaaor diodes, Tpon-p”oatlov

www americanradiohistorv com

power tiansistors, “p-n-p” atloy high power
teamsistons, “p-ncp’ alloy medinm power ansis-
tors. and diltused silicon power rectifiers,

HARNESS TYING SYSTEM
4 The Thomas & Beus Co. has issued a fonr-

page folder which describes in detail its
“Iv-Rap™ svstem for tying, clamping, and iden-
tification of harnesses and wire bundles.

! he new harne sembly method is based on
adjustable cable ties and straps made of “Zytel”
tpe 101 nvion which reduces Tabrication time
by 507 or more. With the associated aceessories
and tols described in the bulletin, anv wire
bundling. clamping. or identification job on di-
ameters up to 47 can be performed at compara.

ble savings in time.
4 Mepeo, Ine. has issued a wall chart listing
9 ATEE-R-10300.D specification summaries and
cnvironmental test limits tor predision film re
sistors. V'he specification summary lists MIL
styles with wattage ratings, tolevances. tempoa
ture cocfficients, voltage, zero derating tempera
tuves. and phisical dimensions as spelled out in
the MIL stndard. The environmental test-limits
chart lists the percentage change allowable nider
various conditions,

FILM-RESISTOR WALL CHART

NOISE FIGURE DEFINED
5 Hewlett-Packard Company has issued Appli-
cation Note No. 57 which defines noise fig-
ure and explains how it may be measured.
1hiis ®-page publication states that the ulti-
mate sensitivity of a detection system is deter-
mined by the noise presented to the system with
the signal, In addition. any system will contrib-
ute noise to the signal in detection and amplifica-
tlion processes. Since the input noise presented
with the signal cannot usually be controtled. the
approach is to study, measure, and attempt 10
minimize the noise contribution of the svsiem.
Details on how this is done are outlined in the
Note.

SPECIALIZED INSTRUMENTATION

B & K Instruments, Inc. has just published
5 Catalogue ES-11 which lists and describes
swores of instruments nsed in sound and svibration
vescarch and application, and in data analysis
L he catalogue includes 24 types of instruments
used in sarious applications ranging from spe-
cialized rescarch-laboratory investigations of
sound and vibration through testing of hearing
aids and push-button production inspection of

clectric motors,
J. W. Miller Company has aunounced pub-
52 lication of its General Catalogue No. 63 list-
ing more than 1500 items including molded r.f
chokes, i.f. transformers, adjustable coils wound
on stable ceramic and resinite materials, exact
1eplacement coils, and other related components.
Complete spedifications are provided on all o
the products with many of the components pic-

tured as wetl,

General Eleetric Company has issued & spe-
53 ¢ial kit containing detailed information on
the finm's new educational television operating
comsole as well as additional equipment needed
{ov a complere swstem,

Included in the Kit are a siv-page tecdhnical
brochnre describing the console, a copy ot
typical proposal for a complete ETV sastome 2
capabilities brochure, compuosite specifications. a
antide tor estimating price. plus other datr

COIL CATALOGUE

ETV EQUIPMENT KIT

PIEZOELECTRIC CERAMICS
Clevite Electronic Components has issned a
5 F2-page booklet entitled  Maodern  Piczo-
clectiic Cevamies,”

FHshvated  with dvawings. phatographs. and
wraphs. the publication ofters complete technical
data on the hom's piczoctectrie ceramics P21 -1
P25, mud Ceramic B, Charts and tables com-
pave propertics. illustrate binic actions, st mvail

ELECTRONICS WORLD
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able shapes. and provide uselul reference guides
to resonant trequencies and common MKS/Fng-
lish conversions.

CAPACITY OPERATED SWITCH
Tung-Sol Elecivic Inc. is oftering a new tech.
55 nical brochure which describes its " Touch
Control Switch.” a capacity operated device that
cain be turned on and oft with the touch of
finger. Circuitry is designed aronnd a “pn-p-n

semiconductor. lise of this solid-state device
makes possible a reliable. low-¢ small-sice
unit for wide range ol operating couditions.

SPEAKER BULLETIN
The R. T. Bozak Manufacturing Company
5 has released a technical bullerin on its Model
CM-109:6  cohnunar speaker system.  The bu
letin lists applicatians, characteristics. perform
ance specifications. insiallation data, and carries
a Irequency response curve,

STOCK PANEL METERS

Simpson Electric Company has just
5 lished new  16-page brochure on
panel meters. ‘the publication
panel meters of various sizes. stvles, tvpes, and
ringes cnricd in stock. Included are volt
meters, annnclers. microamimeters in sizes from
Y up through 67, Speciat application meters

pub-
stock
tists over 1100

such as neter relays used in control devices,
clapsed 1ime meters, amd segmenial volhoeiers
plus a glossary of terms are also included A
Answers to
“Famous Names Quiz"
(Appearing on page 84)
1. E 7. P 13. 4
2. H 8. B 14. R
3. L o IF 15. G
4. A 10. N 16. D
Sn 't 11. Q 17. K
6. M 12. € 18. O

““DO-1T-YOURSELF'
TUBE CHECKERS
At 1/5 The Original Cost!

THANKS AMERICAY
Your terrific response

FPRHOTO CREDITS

Page Credit
16 H. H. Scott, Inc.
20 Don Bosco Corp.

30 (tep), 31, 97 Medtranic Inc.

30 (bottom), 98 Therotron Corp.
33 Burroughs Corp.
34 {Fig. 2} Non Llinear Systems Inc.
34 (Fig. 3), 66 (Fig. 11), 67 (Fig. 14). .1.E.E., Inc.
34 {Fig. 4) Teleregister Inc.
34 (Fig. 6) I.D.E.A. Inc.
35 (Fig. 8} Union Switch & Signal Corp.
35 (Fig. 9) Patwin Corp.
39 Howley Products Co.
40 (boltam) Sherwood Electronics
66 (Fig. 12) A.C.E. Co.
47 {Fig. 13} Allard Instrument Corp.
76 Allied Rodio Carp.
78,79 General Electric Compony
9?6 Citroen

Answer to Electronic
Crosswords

{Appearing on page 93)

$36.95 :"pped Raitway

Express F.0.8.
Pays ftor itseif in one month or
fess!  ldeal for

1 ores. Complietely  recd

TV CONSOLES

overwhelmed ws.

+ BRAND-NEW

« FACTORY SECONDS

« USED TUBES

* Used and/or
factory second

Please
be palient on your orders!

s Comiplete From Knobs To Back
.
e Nog I 1 Out I'icture Tubhe
Spaae]

I'rin oril !
Satistaction Guaranteed Or Your
Money Back!
Shilpped Raliway Express, F.0.B.
147 57.95 (as l=)
16 (1

15 (as {e

ONE YEAR GUARANTEED
TV PICTURE TUBES
+l Ax Low A 19¢_ Per Inch!
Here are just a few Spectacular
saml[)lf orices!
" )1

o
1"y 8710
' XK,

05 i
o Duil e
o

M The A) u ypes
Attention! All Picture tubes sold
by Nallon-wide contain only new
parts except for the glass envelope
which is reused and has heen
closely inspected prior to manu-
facture to insure clear and per-
fect pictures! All picture tubes
shipped F.0.8

Send for Nation-wide's complete
picture tube st Dent. CL.

FREE POSTAGE On Aii_Orders. 25¢
landlinzx Charre Orders 1 r N3.00!
1 ;

Unde

REMEMBER. if you're not completely satistied with any merchan-
dise. Nation-wide will Relund Your Money within Five (S) days!

o Immediate shipment on ail

NATION-WIDE BLDG.
HARRISON, N.J.

February, 1963

Deposit €

e All tubes guaranteed for one tull

HUmboldt 4-9848

orders!

year!

Dept. €W 2

CIRCLE NO.
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133 ON READER SERVICE PAGE

Multicore Sales Corp, Port Washington, NY.
e —A

For information, write Department MB43

- | CIRCLE NO. 132 ON READER SERVICE PAGE

1-YEAR GUARANTEE ON ALL TUBES!

Before shipping, each order of tubes is Scien-
tifically Tested by Nation-Wide's own Quality-
Control Department! Aill shorted and Low
Emission tubes are immediately destroyed! You
TOP QUALITY.
Hickok and set tested tubes!
INDIVIDUALLY BOXED! CODE DATED!

rteceive only LONG-LIFE,

BRANDED!
Z24 4B26 eCM7 12AT7?
1B3GY 4CB6 6CQ8 12aU7
1L6 1076 6CU6 12AVS
L84 S5AMS 6CUS 12AX4GTA B
1LH4 SANS OE4 12a%x7
1LNS 5AQS 6DQ6, /A8 12AZ7
INSGT S5ASS 6DT6 284
1RS 5AYS 6EAT 12BA6
1SS SBX7TA GEAS 12BE6
T4 SBRS 6EBS 12BH7 A
1u4 5CG8 6EMS 12BQ6
tus SCL8A G6ERS 128Y7 A
5CZ GESS 12CAS
6F6GT 12CR6
378 GH 12CUS/12CS
H 12CU6
SU4GA '8 6J5 12D4/A
us 6J6A DBS
5v4G 6M6GT 12DQ6 A '8
5X8 7 2K7GT
5Y3GT 6L6GA B'C 12L6G
6ABGT 4 12Q7GT
6AB4 6SA7 1258GT
ACT SC?7 12S8A7
6AF4,/ A 65HM7 12SF7
6AGS 65F7 128K 7
6AHACT 6SKT 12SN7GT
6AHG 6SLIGT 12V6GT
6ANKS 6SNTGTA 'B 12W6EGT
6ALS 65Q7 x4
6AMSB A T4 13DR7
6ANB ‘A 678 A 1347
€AQS A 6UB A 14B6
6AS5 6V3a 4F7
6AT6 6V6G 174V5GA
6ATE A 6WAGT ‘A 17AX4GT
6AU4GY A 6WEGT 19AU4GTA
GAUSGT 6X4 19BG6G A
6AUG ‘A 6XSGT 1978
6AUS 6X8B A 2SAXAGT
6AVSGA 6Y6G A 5806
6AVE 7AS 5C5
6AWS ‘A T7AT7 25CD6GA ‘B
6AX4GTA ‘B 7A8 25CU6
6AXSGY TAGT 250ON6
6BA6 TAUT 25DQ6
6BCS 7B4 25L6GT
6BC8 787 25WAaGT
1X2 6BE 7¢S 2526GY
2AaFa 6BGEG A 7C6 35AS
2BN4 6BHE TF8 3585
2CvYs 6BHSE TH? 5CS
3AU6 68J6 A INT 35L6GT
3BC5 RS 7v4 5wWa
3BUS 6RNKT BAWS A 35Y4
3826 6BL7GT A  8BQS 3523
3cB6 N6 CG7 3525GT
3CS6 Qs CS7 AS
3IDK6 6BQ6GTA 'B ACM7 S0RSs
Iove 68Q7 /A X8 ocsS
3Q4 us ASNTIGTH SOEHS
3QSGTY 6BYSGA 9AU7 S0L6GY
4 G6BY6 9USA 50Y60T
3va €827 10DEY? 50Y7GT
4AU6 6C4a OEG7 TOLIGT
4BCS 6CB6 12A8GY 75
4BC8 6CD6G A 12ABS 80
48Q7A 6CLE 12AD6 83
BSS 6CG7 12A0S5 11723
12AT6 11726GT
Partial iistl d tor tree " tube listing.

FREE SURPRISE BONUS ON
ORDERS OF %5 OR MORE!
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AN/ART-13 100-WATT XMTR
11 CHANNELS
200-1500 Ke

2te 18.1 Mc

69>

used

complete witn Tubes

Alreraft Tranumitier. AM

L aimous Lulnus Autuiu
(8 ic e to any of ten preset chuan

Ccw.
nel

or m.; tual tun peech ampllitier /el

carhon or m. uc nlke Higl stalile.

cur.m \F(l B..ll( in  Xtal eantrolled

P 13 in firal np to da « K

A Rvml "HOT" lhm buy at our low pricel Orig. cost
ROO

AN/ART-13 XMTR as above. Like New $79 50

0-16 Low Frea. Osc. Coll for ART-13
24V Dynamotor {or Au*r-n

Same as above iess met.

We carry a comblele Ilm- ot spare “parts 1

AN/APR-4 RECEIVER only. 38 to 4000 Mc in
5 tuning unit ranges. High precision lab instru-

ment. Input 115 V60 cy. Like New $79.50
Tuning Units TN16. 17. 18 cach .. .$39.50
Tuning Unit TN19. Brand New ....... $89.50
Huning Ukt US4 ssedd sfsvsddada $149.50

LIMITED QUANTITY SPECIALS!

BC 312 MOSBILE RECEIVER G II m I~. 1500 Ke to 18
With Tubes . Like \c\' $79 50
BC-312 lor AC operahon 89.50

AN/APT.5 AIRBOHNE RQDAR SET. \Vllh !ub?"- %
BW e e $49.

AN 'APT. 5 BRAND NEW .$69.50

POWER SUPPLY for AN APT 5 Saninetey lll.’ln P New.
for X115 V 400 1o 200 .$14.95

FAMOUS BC-645 TRANSCEIVER

¥ 15 Tubes 435 to 500 MC
A@Ei
more tha

Can he muxlliied lor 2.way
ALLL L ur
TF7.

cuommunieation
cove, on ham
me. eitizens r.
4—7
BRAND GFG a =
NEW. Now covers 480 1o
me. Brund new BC. 645 wnn tuben, less power

mlio 460-4
me. tfixed aml nwblle 450
901 in f
supply in factory carton.
| $19.50 |
e

460 mec.
Shipping weight 25 1bs.

mental 470-500 me. 15
tuliex  (tubes alone

SPECIAL!

PE.101C Dynamotor, 12 'uv input . $7.95
UHF Antenna Assembly . . . .........ccaee.. 2.a5
Complete Set of 10 Plugs. 5.50
Control BOX . .........c..tceacansass 2.25

SPECIAL “PACKAGE" OFFER
BC-845 T wwer,  Dynamaotor and  all ncceﬁsorh‘l

Y T e aRK el $29.50

ARC-3
RECEIVER!

Complete
with All

Tubes EXC. $1995

Used ... .

Like NEW

crysml comrollcd
00 156 MC

irom

superhel.  tuncs
.. on_any 8 pre-selected

50.
l 7 -lubc
28-volt 'oc power input.

channcls Tubes: 1-9002,
G-6ANKS, 1-12SH 3.125G7, 1-9001, 1-12H6,
2-12SN7. 1- I2Sl.7 1:12A6.

110 Vv

A.C. Power Supply Kit for above 15.00
Factory Wired and Tested. 19.95

ARC-3 TRANSMITTER

Comn-nmn mit for above. tunes 100 to 156 MC on

pre-selected channels. 9 tulies. crystal Cy
ll 'Ju'. provides tune and voice modulal 8V
DC Power input Complete with all

51895

.$28.50
$5.95

Tubes: 3-6v 8324, 1-12SHT, 1.643
. only

xec it
lee new condition
I MUSNRUTTON CONTROU ROY

ACCESSORIES for BC-603, 683 RECEIVERS

l\."I \ tlT OF 10 TURBKS FOR ABOVE

brand new
..$3.95
12 or 24V Dy
Exc. Used $4. Brand New 85-50
AC POWER SUPPLY FOR B8C603, 683

tuters e, o4 n-t
.$12.95
BC 603,

mMotor for Above

\ TLANGE NI ek
24VAC @ 2 Amps ..
Manual for

N 1t ¢
vDIC @ 80 Ma.
Cr.mplell.‘

240-page Technical

BC-604 TRANSMIYTER Companion unit for BC- sa 95
N1

603 Reve. above. all tubes. BIANID) NE
4-Section A«lenua lor BC.604. 6 Transmitters,
Complete with ting base. BRAND NEW. .$4.95
We carry a comnluie line of Snare purte for ihove

APN-1 FM TRANSMITTER-RECEIVER

420 to 460 Mc Aircraft Radio alh-ne(er equipment.

Tuhes: 4-955. 3-12SJ7. 4-12SH7, 2-12H
[$11.95]

1-VR150; Complete with llll)l‘S brand new
APN-1 Exc. used, |

NN N WA N NN NN NN WA

$

tize in the export of military surplus$

$eloclro ic equipment:
® All at LOWEST PREVAILING PRICES.
e In addition to items shown on this page. we have
in stock or can obtaln for export customers. mill

y electronie equipnient made for World War 11,
ean War. and later.
IF YOU DON'T SEE WHAT YOU WANT HERE,
WRITE US YOUR NEEDS. INQUIRIES WEL-
COMED.

All packing and nhlnpln;! 1% made directly from
our awn warechouse to give you substantial
savings in hamlling cn....xA

@ SEND FOR LATEST FREE G & G BULLETIN OF:
SURPLUS MILITARY ELECTRONIC EQUIPMENT. ¢

CAWVIVVVAIAINNS VAV Y

LORAN APN-4 T
FiNE QUALITY
NAVIGATIONAL EQUIPMENT iﬁ

Determine exact geographic position of your boat

:

2932333

ALV VVVVAVNA
.

or plane. Indicator and receiver complete with all
tubes and crystal
INDICATOR [D-6B/APN-4, and RECEIVERMB 50

R-98/APN-4, complete with tubes. Exc. used

Receiver-Indicator as above, BRAND NEw$88.50
Shock Mount for above ................. $2.95
INVERTER POWER SUPPLY for loran. Made by
Eclipse—Pioneer Div. INPUT: 24 V DC @ 75 A
QUTPUT: 115 V AC @ 10.5 Amps, 800 cycles. Com-
plete with two connecting plugs BRAND NEW$49.50

TEST EQUIPMENT IE-36.
322A

I'rovides lroul"lenootlm
tests of SCR-5 artin

and SCH-342A sets:
stopping merl nisms ehannel selection clrcull\.
switching ete. Com]‘. ete with instructioh manual.
In “urdy c\rrylnz case. sa 95
BRAND 8.4 180 0 [ et 1.4 -

LM FREQUENCY METER
Crystal callbrated modulated. ileterodyne.

125
to 20.000 Kc  With Callbration book.
Complete. Like New it . 358 50

BC-906 FREQ. METER—SPECIAL
Cavity type 143 to 233 Mc. Complete with antenna
Manual and original calibration chartx in. 8
cluded. BRAND NEW. OUR LOW PRICE. . -

BC-221 FREQUENCY METER
SPECIAL BUY! This excelient freauency
standard Is equipped with original cat-
Ibration charts. and has ranikes from
125 KC to 20.000 KC with crystal check
points in all ranges. Excel. Used wiln
original Calipratioo Book. Crystal, and
all tables—LIKE NEW!

Unmodulated 72.50 Modulated
BC-221 1000 Kc Crystal Brand New

.-$99.50
$8.98

TS-16,APN TEST SET
For 11ll!nln-v calibratlon o o altimeters. May
to eheck calibration of count or circults and

14
t plete  w nh
. instruction

erionn i $14.50

TEST SET TS-175/U.
heterodyne type unit used
MCW RF Transmltters and FAtors.
H3 to 1000 Me. l'ower requirement [:3%

NC and 133 VIXC. Exc. Cond - 5169'50
TEST SET' TS$-174,/U  Frequenc Meter slmilar to
above hut for 20 ta 251 Mc. Power |nnut

5.3V 1IC and > Vi Fxc. Cond $169.50
TS.170/ARN:5 TLEST O=CILLATOR rtable b'lﬂer)'
operated, ervstal con(ual J I(-r eneies: 32
.Ilcé. .'l-'llﬂ.ﬂ \lc nel 33 3 iwer Inrll 1.5
viC and 90 VDC. Loss .Iu.‘rI 5. E. <

Cond 3 Batterie 5 $22.50

Portabie crystal  controlled
Held testing of CW or

12-Volt Inverter Power Supply, Like New.. P.U.R.
We carry a complete line of spare parts for above.

e e
LORAN R-65/APN-9 RECEIVER

& INDICATOR

Used in ships and aircraft. Detebrh
mines position by radio signals lrom§
known xmitters. Accurate to within
1% of distance. Complete with
tubes and crystal. Exc. used.

Value $1200.00. Gur Price....... $79.50
Used, less tubes, crystal and visor, but wnth 3BP1
C.R. tube $29

\'ra

SCR-625 MINE DETECTOR
$275°

Complete portable outfit in original pack-
ing, with al! accessories. Brand New
search Kecewver.

APR 1 Navy VHF-UHF radar

0 Mc to 950 Mc in 2 bunds. BRAND
NEW S — e s LT ..$79.50
TUNING UNITS for above: TNl. TN2. TN3.
BRAND NEW, each $39.50

CI‘I’IZENS' BAND CRYSTALS

i Chanuels. made for us by America’s Leading

Crystal Manufacturer. Speclfy make and model num.

her of CB equipment. Any channel. for RE- 52 g

CEIVE or T(A\‘,\III Eaen .
Shiy | I"o~1paid |n J.ots of 1 or More

INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT-

PUT: 115 V AC. 800 cy. BRAND NEW.. $49.50
12-Volt Inverter Power Supply, Like New ..P.U.R.
Shack Mount for above ............... .$2.95

Circuit diagram and connectmg plugs available.
We carry a complete line of spare parts for above.

EE-8 ARMY FIELD PHONE

Fxcvllent Condlition. checkoll out. perfect working
order. complete with all parts,
Eaeh

cd omntlie unit
) (B A 23 \\oul szs.so

ode PPractice Lessons, Brand
Noew 1" U1

LORAN APN/4
OSCILLOSCOPE

Easily converted for use on
radio-TV service bench.
LII\EdNEW' éess tubes. but
including 5” copc.

type 5CPI only . ISM 50'

BENDIX DIRECTION FINDERS
For :o\mrnerclnl navigation on hoats

Ke: 323-493 Ke: 3- 4.7 Mc
(m nplete with tubes, dynamotor. $19 50

nr AND NEW
IRY Reeceiver c"mmlol.‘j % . .% 4,95
20¢" Receiver 150-15 ¢ coantinuous
n with 12 tubes ane d nnoinr Used 18.95
eiver as above ND Nt \V g
MN 2OE IRotatable Loop fd 'mo\‘ 95

ath _( nntrol

SCR-274 COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES Like
vpe Description Useo NEW
BC-4 63 Mecelver 190 5L KC. ..$12.95 Sld 9s
BC-454 Recelver 3-8 Me......... 12.45 17.95
HC-455 Neceiver 6.9 c 11.50 13.95
, 10 3 Me. lteceiver Branid New $17.95
110 VoIt AC Power Supply Kit. for all 237
D Reewive Cumplete with metai 8 95
vise.  Inalructidns g
Factory wired. tested, ready to operate..$12.50
SPLINE 'I'UNING KNOB for 274-N and ARC-
NI KLY fts C-453, BC- and 490
oilgrs  Only
2.1 to 3 Me. Trun tter, Brand New $12.95
8C- 457 TRI\NSMITTER 5.3 Mc cumvleu- sg 75
1 bes and crystal, BRAND NEW
Like New 3 - $7.95
BC-458 YnﬂNlerT(R--.'Lu to 7 AMe. Complen 1
t ' ry =L
BRAND NEW . T g e P 51095
W .$7.95
T19 TRANSMIYY{ €. comp ete with’
all tubes anil cr $995

6 smt TER '! M 1
BC-696 TRAN M Y led 11:‘:“Complete with s‘l‘l 95

4300 -otun

WE Mercury Rclay ST
75-03) BR \Lﬂ N"\\ 52 95

. WE ZD-171584 (2

. 90 1

H-16 U Itizh Tmp. (2 unts 3.7 7
TELEPHONICS 600 ohm |.ow lmued.n ce IIL\D

::I)r3071,\ C\lli. \El“h I"PLEH PAIR -2

ords. wit a%plu"m Jl:J .99

Larphone Cushions for above—p: d & 6 Mk .go

MICROPHONES Checked Out, Perfect (]
EXC. BRAND g
Mode Description USED NEW
¥5%0. .Carton Hand Mike . $4.45...37.95
RS.38 . Navv Tvpe Carbon Iland AMike  3.95. 5.75
HEADPHONES Checked Out, Perfect
xcellent BRAND |
Model " Descrinotion Usrd NEW
HS-23 . High Impedance ...... $2.49. . $4.7S l
HS-33. . Low Impedance ...... 2.69 4.95
HS-30 ; w imp fe1|hervl) l

MOBILE-MARINE DYNAMOTOR

Model DM35
Input 12V DC. Output: 625 V (.}
DC @ 225 Ma. for press-to-
talk intermittent operation.
SNpE. wt. 14 Ibs.

BRAND NEW ,$]4,95| -
OTHER DYNAMOTOR VALUES: Excelicnt BRAND
Type input Output Used NEW
DM.32A 28V 1.1A 250V .05A 2.45 4.45
DM-33A 28V 5A 575V .16A Rl
28V 74 540V .25A 1.95 4.45
DM-34D 12V 2A 220V .080A 4.15 5.50
DM-36 28V 1.4A 220V .080A 1.95 2.95
DM-53A 28V 1.4A 220V .080A 3.75 .45
PE-73C_ 28V 20A 1000V .350A 8.95 14.95
PE-86 2BV 1.25A 250V OSOA 2: 7s 3.85

DMm-42A DVNAMOTOR ] it 12
213 Mo, :\nll lO')() v D\.

W, each i .95
0.2 A, Out

25.5 V DC
Ma. RIGAND NEW

CARTER GENEMOTOR
C 2 A

Each $3.25

INPUT: 5.9 V D
3 All Tube & Crysta OUTPUT: 403 V IH( Amps

AN ARR-2 nzcmvzw . _UIIF tunable re- ) -

celver. including | : { 12A6. g9 88 B o e e N E D mat? New 532 SRALDCNE__speciat $8.95
U::"" 1 ::'F‘h\lhl:linhl"\v with (uhca . 55.95 Ay ACCESSO“IES AVAILABLE FOR ABOVE

- - 2 VOLT BATTERY "PACKAGE"

ARC-S T-23 TRANSMITTER 50 Me.. Inghules SCHEMATIC DIAGRAMS [For '"°"J§2"'§ﬂ:"' 65¢ 1-2V, 20 Amp. Hr. Willard Storage

tubes: 2.H32A, 2-1025. l!ll.\\l) \r\ $21 50 pee =oAL LR T attery. Model =20-2. 3

with tubes & Fa 2 Piease inciude 25% Depo with order—Balance x i » $2.79

Fxcellent Used. les~ tuhes g $5.95 C€.0.D.. or Remittance in Full. 50¢ Handiing Charges 1-oy. 7 nrOn" Synchronous Pluz-in

ARC-S/R-28 RECEIVER, Z.mecter superhet. 100 to on all orders under $5.00. All shipments F.0.B. Our B iy Bleetrais e (e o 2

156 Me In 4 erystal channels, complete with 10 Warehouse, N.Y.C. All Merchandise subject to Prior cells ¢ .. 1.as5

rul(~ BRAND NEW, with $26.50 Sale and Price Change. ALL BRAND NEW! $5.45

l\x ellent Used. with tubes .$23.50 Combination Price .

scxzosc BﬁACON RECEI(VER 113 to Ke. 133 G & G RADIO SUPPLY CO. WILLARD 6-VOLT MIDGET

.\c works W, omplete \\uh 5 tube.

L aNAxG . WE 3 1. BRAND NEW, $ ‘ac Telephone: CO 7-4605 STORAGE BATTERY

wun tuhes A . - ? Amp, Ilo':x‘; BNGND New, adss.': x

Brand New, less tubes < $5.95 23", Uses Standard Ele

Used. with tuhes $5.95 Ueod less tuhes $2.98 77 Leonard St. New York 13, N. V. te . Oniy $2.95
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ELECTRONICS MARKET PLACE

RATE: 60¢ per word. Mimimum 10 words. Apnl i1ssue closes February Sth. Send order and remittance to: ELECTRONICS WORLD. One Park Ave., N. Y. C. 16. N Y.

ELECTRONICS
ENGINEERING
AND INSTRUCTION

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog Free. (Courses
Bought.) Lee Mountain. Pisgah. Alabama.

ELECTRONICS! Associate degree—29 months. Techni-
cians, field engineers, specialists in communications,
missiles, computers. radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso. Indiana.
FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C. In-
wood. Dallas, Texas.

*‘DRAFTING, Reading Blueprints, Schematics. Send
$2.00 first lesson. complete home course $25.00.
Prior, Inc., 23-09 169 Street, Whitestone 57, New
York."

SLIDE Rule-Selfteaching Method. 8 inch Bamboo Rule;
Manual With Step-by-Siep Iltustrative Problems. Prac-
tice Exercises and Answers—only $3.95 Postpaid. No
COD. ALSYNCO, Dept EW-1. 171 So Main, Natick., Mass.

ENGINEERING and Art Degrees earned through home
study. Electronics, mechanical. liberal arts, major ac-
counting. When writing specify c_urse desired. Pacific
International College of Arts & Sciences, primarily a
correspondence school. Resident classes also available.
5719-C Santa Monica Blvd., Hollywood 38, California.

FOR SALE

TV Tuners—Rebuilt or Exchanged $9.95 complete—
all types - fast, guaranteed service. Send tuner with
all parts to: L. A. Tuner Exchange. 4611 West Jeffer-
son Blvd., Los Angeles 16. California

TUBES—TV, Radio, Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed. lst Qual-
ity, Top Name Brands Only. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics Corp., 512
Broadway, New York 12N, N. Y.

DIAGRAMS for repairing radios $1.00. Television $2.00.
Give make, model, Diagram Service, Box 672-E, Hart-
ford 1, Conn

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Malden 48, Mass.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. |llustrated plans, $2.00. Relco,
Box 10563, Houston 18, Texas

INVESTIGATORS, free brochure. latest subminiature
electronic listening devices, Ace Electronics, 11500J
NW 7th Ave., Miami 50. Florida.

EEFORE you buy receiving tubes, test equipment. Hi-fi
components, kits. parts. etc. ... send for your giant
free Zalytron current catalog, featuring Standard brand
tubes:; RCA, GE. etc.—all brand new premium quality
individually boxed, one year guarantee—all at biggest
discounts in America! We serve professional service-
men, hobbyists, experimenters. engineers. technicians.
Why pay more? Zalytron Tube Corp., 461 Jericho Turn-
pike, Mineola, N. Y.

NEW. transistor computer pians. programming man-
uals: analog $4.95 Eight digital $5.50 guaranieed.
Tesla. PO Box 11275, Picenix 17, Arizona.

gURPLUS Electronics. Free catalog. Saratoga Surplus,
Round Lake. New YOrk.

TRANS-NITION. Electronic Egmitian, Components, Kits,
Coils. Special 260/1 coil. Manual $8.50. Anderson En-
gineering. Wrentham, Mass.

WANTED

WANTED: Coflins. Hammarlund Receivers SP-6C0, 51J,
R-390A. R-388. Teletype, Kleinschmidt. Cash. or trade.
Alétroglcsﬂowavd, Box 19, Boston 1, Mass. {Richmond
-C043

CASH Paid! Sell your surplus electronic tubes. Want
unused. Clean radio and TV receiving, transmitting
special purpose, Magnetrons, Klystrons, broadcast
types. Want military and commercial lab test equip-
ment such as G.R.H.P., AN UPM prefix. Also want
commercial Ham Receivers and Transmitters. For a
Farr Deal write: Barry Electronics Corp., 512 Broad-
way, New York 12, N. Y. tWalker 5-7000).

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Massa-
chusetts

ARMY Sets or Parts—GRC—PRC—FRR/URR—TCC—SB

——SCR—Send Listings—Quick Cash. Anker Electronics,
1617 So. Main St., Box 26, Wilkes-Barre, Pa.

s

TAPE AND RECORDERS

TAPE Recorders, HI-F! Components. Sleep Learning
Equipment. Tapes. Unusual Values. Free Catalog. Dress-
ner, 1523 EW Jericho Turnpike, New Hyde Park 10, N.Y.

RENT Stereo Tapes—over 2,500 Different—all major
‘ahbels -free catalog. Stereo-Parti, 811-G, Centinela
Ase . Inglewooa 3. California

SELF-Hypnosis. New concept teaches you quickly by
tape ot LP.record. Free literature. Mchinley Publishers,
Dept. T6. Box 3038. San Bernardino. California.

SAVE 30° Stereo music on tape. Free bargain catalog/
blank tape recorders norelco speakers. Saxitone, 1776
Columbia Road. Washington. D.C

4/TR Stereo Tapes — bought. sold, rented, traded’
Bargain closeouts! Catalog, COLUMBIA, 9651 Foxbury,
Rivera. California.

g

HIGH-FIDELITY

DISGUSTED with “Hi" Hi-Fi Prices? Unu:ual Dis-
counts On Your High Fidelity Requirements. Write.
Key Electronics, 120 Liberty St., New York 6, N. Y.
D16-4191.

PRICES? The Bes:' Factory-sealed Hi-Fi Components”
Yes! Send for free catalog. Audion, 25T Oxford Road,
Massapequa. N.Y.

RECORDS

RALE 78 s. State Category. Write Record-Lists, P.O.
Box 2122. Riverside, Calif.

HELP WANTED

EARN Extra money seiling advertising book matches.

Free Samples furnished. Matchcorp, Dept. MD-13.
Chicago 32. 1.
GOVERNMENT
SURPLUS

JEEPS $278. Airpianes $159, Boats $7.88. generalors
$2.68. typewriters $8.79. are typical goveinment sur-
plus sale prices. Buy 10.001 items wholesale, diiect.
Full details. 627 locations and procedure, only $1.00.
Surplus. Box 177-C33. Abbottstown. Penna.

U.S. GOVERNMENT SURPLUS—Jeeps, $264.00; radios.
$2.53: guns. typewriters: cameras; tools: thousands
of items. Fabulcusly low surplus prices. Complete In-
formation sent immediately. Send $1.00 to: Surplus,
P.0. Box 50512. Dept. R. New Orleans 50, Louisiana.

FREE. Valuable War Surplus Bargain Information. Box
8ZD. Thomasville, Penna.

SHOPPING GUIDE
CLASSIFIED

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY
ELECTRONIC, BUT OF WIDE GENERAL INTEREST.

STAMPS AND COINS

SMASHING colfection free. Includes triangles. early
United States. rockets. sports. British colonies high
value pictorials. eic. Complete collection plus b'g 1il-
lustra ed magazine. all free. Send 10¢ for postage.
Gray St=mp Co., Dept. Z2. Toronto. Canada.

FREE Mint British Colonials from Maldives. Solomon
Islands. Pahang, St. Christopher, Newis. Sarawak,
Cayman Islands, Giibert Ellice. Free with approvals.
Viking, Great Neck 50, N. Y.

BUSINESS
OPPORTUNITIES

| Made $40.000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N. Oklahoma City 6. Oklahoma.

RECORDERS, Components! Free wholesale catalogue!
Carston 125-R. East 88. N.Y.C. 28.

SUPERSENSITIVE directional microphone picks up faint
sounds at 300 feet. Detects sound through ordinary
walls. Easily built for $7.00. No electronic experience
necessary. Illustrated plans, $2.00. Dee Company, Box
7263-D, Houston 8. Texas.

TV TUNERS rebuilt or exchanged, $9.95. Fast, guaran-
teed. Complete crystal alignment. Valley Tuners, 18530
Parthenia. Northridge. Calif.

FREE Catalog—name brand tubes 65% discount. phono
needles 80% or more discount, phono cartridges.
picture tubes 75¢ inch, parts, parts kits, silicon and
selenium rectifiers, transmitting tubes, 7”7 T.V. test
tube $6.99, imported batteries, tube testers etc. Want
to swap or sell tube inventory? Send us your offering.
Arcturus Electronics Corp., Dept. Z.D., 502 22nd St.,
Union City, N.J.

AUTO Radios AM/FM/MB/SW Metravox. Blaupunkt, Mo-
torola Custom Fit Foreign-Domestic Cars. Low Prices.
Park Terrace Radio. 4975 Bway. New York, N.Y.

Save doilars on radio. TV-tubes. parts at less than
manufacturer's cost. 100° guaranteed. No rebrands,
pulls. Request Bargain Bulletin. United Radio 1000-Ww.
Newark, N.J.

$115 Self-Service Console Type Tube Testers Brand
New, Original Cartons. $40 F.0.B. Dorn, 3303 Lambert
Ave. N.W. Canton 8. Ohio.

TRANSISTORIZED Prcducts impart catalog, $1.00. In-
tercontinental, CPO 1717, Tokyo. Japan.

February, 1963

INDUCTORS for Crossover Networks, 118 types in
stock. Send for brochure. C & M Coils, P.0. Drawer
1147. Huntsville. Ala.

LOW. LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9. Penna.

WRITE for our low quotation on components, recorders.
Hi-Fidelity Supply. 2817-YC Third. N.Y.C. 55.

Mello Monster Folded Horn, From designer now a 12"
enclosure. Also popular 8”. Plans $2.00 each. Roald
E. Dybvig, 2754 Xenwood Ave., St. Louis Park 16, Min-
nesota.

REPAIRS AND
SERVICING

TV TUNERS REBUILT AND ALIGNED per original factory
specifications using xyal controlled equipment only
$9.50. 24 hour service for unmutilated units. Ship com-
plete tubes or write for free mailing kit and dealer
brochure. J W ELECTRONICS, P.0. Box S51A, Blooming-
ton Indiana

METER Repairs—All Make and Models. Bigelow Elec-
tronics. Bluffton. Ohio.
YOUR ad will be read by more than 200,000 readers
when placed in this space. For information on how to
place a classified ad in this section, write: Martin
Lincoln, ELECTRONICS WORLD, One Park Ave., N.Y 16,
N.Y.
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ASSEMBLE artificial lures at home for stores. Ma-
terials supplied free. Profitable! Write: Luwes. Ft.
Walton Beach 1, Florida.

PUBLISH your book! Join our successful authors: pub-
licity advertising promotion. beautiful books. All sub-
jects invited. Send for free appraisal and detailed
booklet. Carlton Press, Dept. ZDB, 84 Fifth Avenue,
NY.Co 11

INVESTIGATE Accidents—Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business experses
paid. No selling. No college education necessary. Pick
own job location. Investigate full time Or earn $6.44
hour spare time. Write for Free Literature. No obliga-
tion. Universal, CZ-2, 6801 Hillcrest. Dallas 5, Texas.

$100 weekly possible. Complete mailing lists and ad-
dress envelopes for advertisers. Home—spare time.
Particulars free. National Service, 81, Knickerbocker
Station. New York City.

ELECTRONICS Manufacturer offer engineering and/or
production facilities. Tax exemption permits tremend-
ous savings. Write, Milles Engineering. Las Marias,
Puerto Rico.

PHOTOGRAPHY-FILM,
EQUIPMENT, SERVICES

SCIENCE Bargains -Request Free Giant Catalog “'CJ”
—144 pages—Astronomical Telescopes, MlcrOScoqes.
Lenses. Binoculars. Kits. Parts. War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

13
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MEDICAL FILM—Adults only—'Childbirth,”” one reel,
8mm $7.50; 16mm $14.95. international W, Greenvale,
L.1.. New York.

" EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep. hypnotize with your recorder,
phonograph. Astcnishing details, sensational catalog
free! Sleep.Learning Association, Box 24-ZD, Olympia,
Wasninaton

LEARN while asleep. Remarkable, scientific. 92% ef.
feclive. Details free. ASR Foundation, Box 7021. Dept
e.g.. Lexington. Kentucky.

MISCELLANEOUS

AUTHORS! Learn how to have your book published.
promoted. distributed FREE booklet ‘“ZD."” Vantage,
120 West 31 St.. New York 1.

GET Repeat Business' Use 2-color adhesive advertising
labels on your products and installations. Free Samples’
Bestmart. Box 12303-B, Cincinnati 12, Ohio.
HYPNOTIZE Unnoticed. quickly, effortlessly. or re-
fund! Thousands satisfied! $2, Timner, Box 244, Cedar-
burg. Wisc.

<o ELECTRONICS WORLD
EVERY Electroniesorld

MONTH = &

name

address

city z0ne

state

Check ane: [ 3 years for $12

[0 2 years for $9 [J 1 year for $5
In the U.S., and possessions.

[J Poyment enclosed [ Bill me

Foreign rates: Canada and Pan American
Union countries, add .50 per year; all
other foreign countries, add $1.00
per year.

[0 New [J Renewal

Mail to: ELecrONICS WORLD
Dept. 6851, 434 S. Wabash Ave.
Chicago 5, tll.
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311@ Plus Parts ... $13.50 Maximum Total Cost

6 MOchS STANDARD has maintained uniform

mounting centers for the last 13 years.
GUA R A N T E E Over 509, of the TV sets in existence today
have STANDARD tuners—in the case of
most other tuners one of the 8 STANDARD
replacement models can be easily adapted
or will fit directly in place of these units.

All STANDARD replacement tuners
carry a 12 Month Guarantee.

SEE YOUR AUTHORIZED
STANDARD DISTRIBUTOR

IN TV 1T's SHawdarA.

MORE PROFIT FOR THE SERVICE DEALER + GREATER CUSTOMER SATISFACTION
GUARANTEED BY THE WORLD'S LARGEST TV TUNER MANUFACTURER

standard kollsman INDUSTRIES INC.

FORMERLY STANDARO COIL PRODUCTS CO., INC., MELROSE PARK, ILLINOIS

CIRCLE NO. 147 ON READER SERVICE CARD
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An important messagé to electronic

technicians. ..

RCA invites you to

PUT YOURSELF IN THE COLOR PICTURE

Color television today is a 300-million-dollar-a-
year business—and the fastest growing segment
of the home entertainment industry.

Color TV programming is at an all-time high.
If you still limit yourself to black-and-white
servicing, you put yourself in the same position
as the village blacksmith who considered auto-
mobiles a fad.

Leading manufacturers are now turning out
color TV sets with the color picture tube devel-
oped by RCA. Servicing these sets means big and
highly profitable business, but it requires special
skills, knowledge, equipment and parts. What
are you doing to take advantage of this great
new business opportunity?

To the public, color TV means RCA! 1t was
RCA who conceived and pioneered the compati-
kle color system in universal use.

How can you climb on the color bandwagon?
Associate your business strongly with the pres-
tige and customer acceptance of the recognized
pioneer of color TV. See your authorized RCA
distributor; stock and advertise RCA tubes and
associated products for color. Isn’t it time you
started seeing yourself in color?

RCA ELECTRON TUBE DIVISION, HARRISON, N.J.

( G"ul THE MOST TRUSTED NAME IN TELEVISION

@
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